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SOPHTHALIC ACID GLYCOL ESTER SOLUTION 

FIELD OF THE INVENTION 

This invention relates to a process for producing a substantially soluble 
isophthalic acid in glycol solution, to a process for using the solution in 
5 manufacturing a copolymer having repeat units derived from a carbonyl 
compound, isophthalic acid, and glycol, and to a process for producing the 
copolymer in the presence of a phosphorus compound. 

BACKGROUND OF THE INVENTION 

10 Polyesters are widely used to manufacture textile fibers and bottle resins. 

The largest volume polyester is polyethylene terephthalate (PET). Polypropylene 
terephthalate and polybutylene terephthalate are gaining importance. Polyester 
can be manufactured by combining a glycol such as ethylene glycol and a 
carbonyl compound such as dimethyl terephthalate (DMT) or terephthalic acid 

15 (TPA), 

For example, DMT reacts with glycol to form bis-glycolate ester of 
terephthalate ("monomer") in the ester exchanger column. The monomer is 
polymerized by condensation reactions in one or two prepolymerizers and then a 
final polymerizer or finisher. TPA can be combined with a glycol to form a slurry 
20 at 60 to 80®C followed by injecting the slurry into an esterifier. Linear oligomer 
with degree of polymerization less than 10 is formed in one or two esterifiers at 
temperatures from 240°C to 290°C. The oligomer is then polymerized in one or 
two prepolymerizers and then in a final polymerizer or finisher at temperatures 
from250Xto300**C. 

25 Additives such as catalysts, stabilizers, delusterants, and toners are often 

added to the DMT process before the ester exchanger, in the exchanger, or in the 
monomer before the prepolymerizer, or to the TPA slurry before the esterifier, in 
the esterifier, or in the oligomer before the prepolymerizer. Commercial polyester 
processes commonly use antimony compounds as polycondensation catalyst and 
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phosphorous compounds as stabilizers. See generally. Encyclopedia of Chemical 
Technology, 4* edition, John Wiley, New York, 1994, Volume 10, pages 662-685 
and Volume 19, pages 609-653. 

Many conmiercial processes have one common esterification process or 
5 one common ester exchange process, which supplies oligomer or monomer to 
several continuous polymerization (CP) processes. Some of the CP processes 
produce polyester for fibers, while other CP processes produce polyester for 
packaging materials or other products. Different polyester products require 
different additives. In the case where one esterification process or one ester 
10 exchange process supplies several CP processes, most additives are added to the 
oligomer or monomer before the prepolymerizer. 

Polyesters are sometimes modified with addition of a co-monomer such as 
isophthalic acid (IPA). For example, PET for bottle resin contains 1 to 5% IPA 
and 99 to 95% TPA by mole. A few PET fibers such as low-melt binders contain 

15 10% to 45% IPA, and 90% to 55% TPA by mole, most PET for textile fiber does 
not contain IPA. Common practice in PET production is to have one conunon 
esterification process or ester exchange process to supply oligomer or monomer to 
two or more CP processes for different products, where some products need co- 
monomer and some do not. Currently two approaches are practiced for the 

2 0 addition of IPA co-monomer to PET. 

One approach is to build a separate continuous esterification process to 
produce IPA oligomer at 240°C to 290*'C, which is injected to TPA oligomer 
process or DMT monomer process which is to be used for packaging materials or 
fibers that require IPA. The injection temperature is normally higher than 240''C 
25 to avoid solidifying of IPA oligomer. In this approach, IPA goes to the products 
where it is needed. However, the separate esterification process for IPA oligomer 
is complicated and expensive. 

Another approach is to add IPA slurry to TPA slurry or esterifier of the 
common esterification process. IPA slurry is generally produced by suspending 
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IPA powder or particles in a glycol at 60*^C to SO^'C. In this approach, the IPA 
goes to all the products whether it is desired or xmdesired. 

Japanese Patent No. 1 11 58260 discloses adding IPA slurry and ethylene 
glycol to TPA oligomer line to make copolymer. A sufficiently high flow rate of 
5 IPA slurry is required to avoid settling in the piping or injection nozzle and 

consequently shutting down the process. Japanese Patent No. 1 1209465 discloses 
adding a phosphorus compound to the IPA in ethylene glycol slurry and (PET) 
oligomer. 

Therefore, there is an increasing need to develop a process for producing a 
10 substantially soluble IPA in glycol solution, which is less expensive and more 
flexible to operate than the known processes in manufacturing copolymer 
containing TPA and IPA. 

SUMMARY OF THE INVENTION 

A substantially soluble solution comprises isophthalic acid in a first 

15 glycol. 

A process for producing a substantially soluble isophthalic acid in a first 
glycol solution comprises combining the isophthalic acid with the first glycol 
under an effective condition sufficient to substantially esterify the carboxyl group 
of the isophthalic acid with the glycol. 

20 A process comprises contacting, optionally in the presence of a 

phosphorus compound and/or a catalyst, either (a) an isophthalic acid or 
substantially soluble isophthalic acid in a first glycol with a polymerization 
mixture comprising a carbonyl compound and a second glycol or (b) an 
isophthalic acid or substantially soluble isophthalic acid in a first glycol with an 

25 oligomer derived fi-om a carbonyl compound and a second glycol under a 

condition effective to produce a copolymer comprising repeat units derived firom 
the carbonyl compound or its ester, isophthalic acid and the first and/or second 
glycol. 
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DETAILED DESCRIPTION OF THE INVENTION 

The term "substantially" refers to more than trivial and "substantially 
soluble" can mean that the concentration of insoluble isophthalic acid (IPA) in 
glycol is lower than 5 g, preferably lower than 2 g, and most preferably lower than 
5 1 g per 100 g of glycol. The weight % of IPA in the solution can be in the range of 
from about 5% to about 75%, preferably about 5% to about 60%, more preferably 
10% to 40 %, and most preferably 20% to 35 %, based on the total weight 
equaling 100%. A substantially soluble IPA in glycol solution generally remains 
soluble, without forming dispersion or gels, at room temperature (about 25**C). 

10 The preferred first glycol can have 1 to about 10, preferably 1 to about 8, 

and most preferably 1 to 4 carbon atoms per molecule such as, for example, an 
alkylene glycol, a polyalkylene glycol, alkoxylated glycol, or combiniations 
thereof. Examples of suitable glycols include, but are not limited to ethylene 
glycol, propylene glycol, isopropylehe glycol, butylene glycol, 1 -methyl 

15 propylene glycol, pentylene glycol, diethylene glycol, triethylene glycol, 

polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol and 
combinations of two or more thereof. The most preferred glycol is ethylene 
glycol for it can be used in the production of a PET copolymer. 

The process of the invention can be carried out by combining IPA with a 
20 glycol to form a slurry in any suitable vessel, container, or reactor. The slurry can 
be heated under any suitable condition effective to esterify about 50% to about 
100%, preferably about 70% to about 98%, more preferably about 75% to about 
95%, and most preferably 80% to 95% of the carboxyl groups in IPA, all mole %. 
A suitable condition can include a temperature in the range of from about lOO'^C 
25 to about 250*^0, preferably about lAO^'C to 220°C, and most preferably 160**C to 
190^C; a pressure that can acconmiodate the temperature range; and a period 
sufficient to substantially solubilize IPA in the glycol, generally about 1 minute to 
about 5 days, preferably about 10 minutes to about 2 days, and most preferably 
about 30 minutes to about 4 hours. 
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Wishing not to be bound by theory, it is believed that during the heating, 
the carboxyl groups in IPA are partially esterified by glycol, which is completely 
or substantially dissolved in glycol. This completely dissolved IPA solution can 
solidify or become gel when the solution is cooled. 

5 When heated, one or two carboxyl groups of the IPA molecule can be 

esterified. In some cases, none is esterified. In case of IPA in ethylene glycol, the 
substantially soluble solution can contain bis(hydroxyethyl)isophthalate or 

dihydroxyethyl isophthalate, monoesterified IPA, unesterfied IPA, ethylene 
glycol, and water as shown below. 

10 HOOCQH4COOH + HOCH2CH26H HOOCC5H4COOCH2CH2OH + H2O 
(IPA) (EG) (monoesterified IPA) 

HOOCQH.COOCHjCHjOH + HOCH2CH2OH HOCH2CH2OOCC6H4COOCH2CH2OH + HjO 
(monoesterified IPA) (EG) (dihydroxyethyl isophthalate) 

15 

Dimers, trimers, and tetramers of esterified IPA can also form as the 
reactions continue. For example, bis(hydroxyethyl)isophthalate, 
bis(hydr6xypropyl)isophthalate, bis(hydroxybutyl)isophthalate, or combinations 
thereof can be formed. At the end of heating, the IPA solution can be cooled by 
20 stopping the heat or cooled by any means known to one skilled in the art such as 
heat exchanger. The water generated can be kept in the solution, or partially or 
fully evaporated and condensed. 

It is preferred that the substantially soluble IPA solution remains clear 
when cooled to room temperature. When the percentage of esterified carboxyl 
25 groups is below 70% by mole, the solution may solidify or become partially 

gelled at room temperature, especially at higher original concentrations of IPA in 
glycol such as 40% to 50% (by weight) IPA. 

When the percentage of esterified carboxyl groups is higher than 95% by 
mole, dimer, trimer, tetramer, and oligomer may form, which are dissolved in the 
30 solution at high temperature but precipitate as solids in the solution at room 
temperature, which may affect fluidity of the solution. If the original 
concentration of IPA in glycol is high such as at 40% to 50% by weight and the 
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percentage of esterified carboxyl groups is higher than 95% by mole, the solution 
may contain gels from dimer, trimer, and oligomer at room temperature, which 
may affect fluidity of the solution. Those IPA solutions that solidify or form gel at 
room temperature can become clear solution again and be injected into TPA 
5 oligomer when heated. 

The invention process can be a batch process that is simple and 
inexpensive to operate. It can also be carried out by any continuously methods 
known to one skilled in the art. 

According to the invention, a catalyst can be present in the process to 
10 facilitate the production of a substantially soluble IPA solution. Any catalyst 

known to esterify a carbonyl compound can be used. The catalyst can be a cobalt, 
antimony, manganese, or zinc catalyst commonly employed in the manufacture of 
polyester, description of which is omitted herein because such catalyst is well- 
known to one skilled in the art. The catalyst composition also can comprise a 
1 5 titanium compound. 

A preferred antimony compound can be any antimony compound that is 
substantially soluble in a solvent disclosed above. Examples of suitable antimony 
compounds include, but are not limited to, antimony oxides, antimony acetate, 
antimony hydroxides, antimony halides, antimony sulfides, antimony 
20 carboxylates, antimony ethers, antimony glycolates, antimony alcoholates, 

antimony nitrates, antimony sulfates, antimony phosphates, and combinations of 
two or more thereof. 

According to the invention, the preferred titanium compoimds used in 
component are tetraalkyl titanates, also referred to as titanium 

25 tetrahydrocarbyloxides for they are readily available and effective. Examples of 
suitable tetraalkyl titanates include those having the formula of Ti(0R)4 where 
each R is individually selected from an alkyl, cycloalkyl, alkaryl, hydrocarbyl 
radical containing from 1 to about 30, preferably 2 to about 18, and most 
preferably 2 to 12 carbon atoms per radical and each R can be the same or 

30 different. Titanium tetrahydrocarbyloxides in which the hydrocarboxyl group 
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contains from 2 to about 12 carbon atoms per radical which is a linear or branched 
alkyl radical are most preferred because they are relatively inexpensive, more 
readily available, and effective in forming the solution. Suitable tetraalkyl 
titanates include, but are not limited to, titanium tetraethoxide, titanium 
5 tetrapropoxide, titanium tetraisopropoxide, titanium tetra-n-butoxide, titanium 
tetrahexoxide, titanium tetra 2-ethylhexoxide, titanium tetraoctoxide, and 
combinations of two or more thereof The titanium tetrahydrocarbyloxides are 
well known to one skilled in the art. See, for example, US Patent numbers 
6,066,714 and 6,166,170, the description of which is incorporated herein by 
10 reference. Examples of commercially available organic titanium compounds 

include, but are not limited to, TYZOR® TFT and TYZOR® TBT (tetra isopropyl 
titanate and tetra n-butyl titanate, respectively) available from E. I. du Pont de 
Nemours and Company, Wilmington, Delaware, U.S. A, 

A titanium-containing composition can be produced by any means known 
15 to one skilled in the art such as those disclosed in US6,066,714 and US6,166,170 
discussed above and description of which is omitted herein for the interest of 
brevity. 

The catalyst, expressed as element Co, Sb, Mn, Zn, or Ti, can be present in 
the range of about 0.001 to about 30,000 part per million by weight (ppm) of a 
2 0 combination comprising glycol and IP A. 

According to another embodiment of the invention, an esterification, 
transesterification, or polymerization process can comprise contacting, optionally 
in the presence of a phosphorus compoxmd and/or a catalyst, either (a) an 
isophthalic acid or substantially soluble isophthalic acid in a first glycol with a 
2 5 polymerization mixture comprising a carbony 1 compound and a second glycol or 
(b) an isophthalic acid or substantially soluble isophthalic acid in a first glycol 
with an oligomer derived from a carbonyl compound and a second glycol under a 
condition effective to produce a copolymer comprising repeat units derived from 
the terephthalic acid or its ester, isophthalic acid, first glycol, and second glycol. 
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The catalyst and partially esterified IPA can be the same as those disclosed 
above and the disclosures of which are incorporated here. The second glycol can 
be the same or different from the first glycol and can include those disclosed 
above for the first glycol. The presently preferred second glycol is ethylene glycol 
5 or 1 ,3-propanediol (propylene glycol). 

The catalyst, expressed as element Co, Sb, Mn, Zn, or Ti, can be present in 
the range of about 0.001 to about 30,000 ppm of the medium comprising the 
carbonyl compound and glycol, preferably about 0.1 to about 1,000 ppm, and 
most preferably 1 to 100 ppm by weight. A cocatalyst, if present, can be in the 
10 range of from about 0.01 to about 1,000 ppm of the reaction medium. 

For example, a titanium catalyst, alone or with other catalyst such as 
antimony and/or cobalt can be used as polycondensation catalyst. Alternatively, a 
titanium-containing catalyst can be present in the ester exchanger to accelerate 
transesterification reaction or in the esterifier to accelerate the esterification 

15 reaction. Generally, titanium-containing catalyst is more active in 

polycondensation reaction than in esterification or transesterification. The proper 
level of titanium-containing catalyst for esterification or transesterification can be 
an excess level for polycondensation. When titanium-containing catalyst 
presented in the esterifier or ester exchanger (transesterifier) is an excess for 

20 polycondensation, or when polycondensation is intended with a non titanium- 
containing catalyst such as antimony, part of or all of the titanium catalyst is 
preferably deactivated or inhibited after esterification or transesterification with a 
phosphorus compound disclosed above, to avoid discoloration of the polymer. 

The titanium-containing catalyst present in the polymer can cause 
25 increased degradation and yellowness in the fiiture processing. Part of or all of 
the titanium catalyst can be deactivated or inhibited after polymerization with a 
phosphorus compoimd disclosed below, to avoid discoloration of the polymer. 

Similarly, when manganese, zinc, cobalt, or other catalysts are used as 
esterification or transesterification catalyst and titanium-containing catalyst is 
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used as polycondensation catalyst, these catalysts can be deactivated by the 
presence of a phosphorous compound disclosed above. 

Any carbonyl compound which, when combined with a glycol, can 
produce a polyester can be used. Such carbonyl compounds include, but are not 
5 limited to, acids, esters, amides, acid anhydrides, acid halides, salts of carboxylic 
acid, oligomers or polymers having repeat units derived from an acid, or 
combinations of two or more thereof The presently preferred acid is an organic 
acid such as a carboxylic acid or ester thereof. The oligomer of a carbonyl 
compound such as TP A and glycol generally has a total of about 2 to about 100, 
10 preferably from about 2 to about 20 repeat units derived from the carbonyl 
compound and glycol. 

The organic acid or ester thereof can have the formula of R^OjCACOj 
in which each independently can be (1) hydrogen, or (2) hydrocarbyl radical in 
which each radical has 1 to about 30, preferably about 3 to about 15 carbon atoms 

15 per radical which can be alkyl, alkenyl, aryl, alkaryl, aralkyl radical, or 

combinations of two or more thereof, and in which A is an alkylene group, an 
arylene group, alkenylene group, or combinations of two or more thereof Each A 
has about 2 to about 30, preferably about 3 to about 25, more preferably about 4 to 
about 20, and most preferably 4 to 15 carbon atoms per group. Examples of 

20 suitable organic acids include, but are not limited to, terephthalic acid, isophthalic 
acid, napthalic acid, succinic acid, adipic acid, phthalic acid, glutaric acid, oxalic 
acid, and combinations of two or more thereof Examples of suitable esters 
include, but are not limited to, dimethyl adipate, dimethyl phthalate, dimethyl 
terephthalate, dimethyl glutarate, and combinations of two or more thereof The 

25 preferred organic acid is terephthalic acid or its ester dimethyl terephthalate 



9 



wo 02/070451 



PCTAJS02/04548 



The molar ratio of the glycol (including first glycol and second glycol) to 
carbonyl compound can be any ratio so long as the ratio can effect the production 
of an ester or polyester. Generally the ratio can be in the range of from about 1 : 1 
to about 10:1, preferably about 1:1 to about 5:1, and most preferably 1:1 to 4:1. 

5 The invention process can also be carried out in any suitable means using 

any of the conventional melt or solid state techniques and in ttie presence or 
absence of a toner compound to reduce the color of a polyester produced. 
Example of toner compounds include, but are not limit to, cobalt aluminate, cobalt 
acetate, Carbazole violet (commercially available from Hoechst-Celanese, 

10 Coventry, Rhode Island, U.S.A., or from Sun Chemical Corp, Cincinnati, Ohio, 
U.S.A.), Estofil Blue S-RLS® and Solvent Blue 45™ (from Sandoz Chemicals, 
Charlotte, North Carolina, U.S.A), CuPc Blue (from Sun Chemical Corp, 
Cincinnati, Ohio, U.S.A.). These toner compounds are well known to one skilled 
in the art and the description of which is omitted herein. The toner compound can 

15 be used with the catalyst disclosed herein in the amount of about 0. 1 ppm to 1000 
ppm, preferably about 1 ppm to about 100 ppm, based on the weight of polyester 
produced. 

The invention process can also be carried out using any of the 
conventional melt or solid state techniques and in the presence or absence of an 

20 optical brightening compound to reduce the yellowness of the polyester produced. 
Example of optical brightening compounds include, but are not limit to, 7- 
naphthotriazinyl-3-phenylcoumarin (conunercial name "Leucopure EGM", from 
Sandoz Chemicals, Charlotte, North Carolina, U.S.A.), 4,4'-bis(2-benzoxazolyl) 
stilbene (commercial name "Eastobrite", from Eastman Chemical, Kingsport, 

25 Tennessee, U.S.A.). These optical brightening compounds are well known to one 
skilled in the art and the description of which is omitted herein. The optical 
brightening compound can be used with the catalyst disclosed herein in the 
amount of about 0.1 ppm to 10000 ppm, preferably about 1 ppm to about 1000 
ppm, based on the weight of polyester produced. 
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The oligomer of a carbonyl compound such as terephthalic acid can be 
produced by contacting terephthalic acid, its ester, or combinations thereof with a 
second glycol under an esterification, transesterification, or polymerization 
conditions well known to one skilled in the art to produce a total of about 2 to 
5 about 1 00, preferably from about 2 to about 20 repeat units derived from the 
terephthalic acid and glycol. 

A suitable condition to effect the production of a polyester can include a 
temperature in the range of from about 150°C to iabout 500°C, preferably about 
200*^0 to about 400^C, and most preferably 250*^0 to 300°C under a pressure in 
10 the range of from about 0.001 to about 1 atmosphere (0, 1 to 1 01 .3 kPa) for a time 
period of from about 0.2 to about 20, preferably about 0.3 to about 15, and most 
preferably 0,5 to 10 hours. 

The quantity of the IPA or partially esterified IPA solution can be any 
desired quantity such that the resulting copolymer can have a molar ratio of IPA to 
15 terephthalic acid in the range of from about 0. 1 :99.9 to about 60:40, preferably 
about 0.1:99.9 to about 45:55. 

According to the invention, a phosphorus compound can be present in the 
IPA solution before, during, or after the carboxyl groups of IPA are esterified. 
Alternatively, the phosphorus compound can be present in the process before, 
20 during, or after carbonyl compoxmd or ester thereof is esterified or transesterified. 
Similarly, it can be present before, during, or after the polycondensation stage. 

The phosphorus compound can be used to inhibit the catalytic activity of a 
titanium-containing catalyst, to reduce the discoloration of polyester produced 
using a titanium-containing catalyst, or both. The phosphorus compound can also 

25 be used to inhibit the catalytic activity of other metal-containing catalyst such as 
cobalt, zinc, and manganese, to reduce the discoloration of polyester produced 
using these catalysts, or both. Similarly, the phosphorus compound can be used to 
inhibit the catalytic activity of triace metals presented in raw materials, such as 
aluminum and silicon, to reduce the discoloration of polyester produced with 

3 0 these trace metals, or both. 
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The phosphorus compound can be mixed with the catalyst, such as 
titanium, antimony, manganese, zinc, before the catalyst is introduced to the 
polyester reaction process. Altematively, the phosphorous compound can be 
introduced to the process separately before or after the catalyst is introduced. 

5 A phosphorus compound that can be used with a polyester catalyst to 

produce polyester having low yellowness, as compared to a polyester produced 
from a catalyst without such phosphorus compound can be used. Examples of 
suitable phosphorus compounds include, but are not limited to, phosphoric acid or 
salts thereof, phosphorous acid or salts thereof, a polyphosphoric acid or a salt 

10 thereof, a phosphonate ester, a pyrophosphoric acid or salt thereof, a 

pyrophosphorous acid or salt thereof^ and combinations of two or more thereof. 
The polyphosphoric acid can have the formula of H^+jPnOsn+i in which n is > 2. 
The phosphonate ester can have the formula of (R*0)2P(0)ZC02R' in which each 
R' can be the same or different and can be independently H, C,^ alkyl, or 

15 combinations thereof; and Z is C,.5 alkylene, C1.5 alkylidene, or combinations 
thereof, di(polyoxyethylene) hydroxymethyl phosphonate, and combinations of 
two or more thereof. The salt can be an alkali metal salt, alkaline earth metal salt, 
ammonium salt, or combinations of two or more thereof. 

Illustrative examples of suitable phosphorus compounds include, but are 
20 not limited to, phosphoric acid, phosphorous acid, sodium phosphate, potassium 
phosphate, sodium phosphite, potassium phosphite, potassium tripolyphosphate, 
sodium tripolyphosphate, potassium tetra phosphate, sodium pentapolyphosphate, 
sodium hexapolyphosphate, potassium pyrophosphate, potassium pyrophosphite, 
sodium pyrophosphate, sodium pyrophosphate decahydrate, sodium 
25 pyrophosphite, ethyl phosphonate, propyl phosphonate, hydroxymethyl 
phosphonate, di(polyoxyethylene) hydroxymethyl phosphonate, 
methylphosphonoacetate, ethyl methylphosphonoacetate, methyl 
ethylphosphonoacetate, ethyl ethylphosphonoacetate, propyl 
dimethylphosphonoacetate, methyl diethylphosphonoacetate, triethyl 
3 0 phosphonoacetate, or combinations of two or more thereof. 
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A titanium-containing catalyst present in polyester can cause increased 
degradation and yellowness in the future processing. Part of or all of the titanium 
catalyst can be deactivated or inhibited after polymerization with a phosphorous 
compound disclosed above in composition component, to avoid discoloration of 
5 the polymer. 

Similarly, when manganese, zinc, or other catalysts are used as 
esterification or transesterification catalyst and titanium-containing catalyst is 
used as polycondensation catalyst, these catalysts can be deactivated by the 
presence of a phosphorous compound disclosed above. 

10 EXAMPLES 

The following examples are included to further illustrate the invention and 
are not to be construed as to unduly limit the scope of the invention. 

The number of carboxyl groups COOH before esterification was calculated 
from concentration and chemical formula. The number of carboxyl groups COOH 
15 in the partially esterified IP A solution was determined as follows. A weighed 
specimen was dissolved in o-cresol, diluted with chloroform and titrated with 
methanolic potassium hydroxide to a bromophenol blue end point. The end point 
was determined colorimetrically at 600 nm using a recording titrator. 

Water content by weight in the partially esterified IPA solution was 
20 determined by the Karl Fisher method. Water was converted stochimetrically in 
the presence of sulfur dioxide, methanol and suitable base of addition iodine. The 
titration was followed by a two-pin platinum electrode having a current source 
applied to its poles. The voltage measured at the polarized electrode pins was 
used by the control as an input signal. When the last trace of water was titrated 
25 out, voltage dropped to virtually zero. The electrodes were then depolarized by 
the iodine now present; the small electrical current oxides iodine at one electrode 
and reduces the amount of iodine at the other electrode. 

Diethylene glycol (DEG) in IPA solution was analyzed in the same way as 
DEG in polymer which requires depolymerization. The samples were treated with 
30 2-aminoethanol (2AE) containing benzyl alcohol (BA) as an internal standard. 
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The reaction mixture was diluted with isopropyl glycol and injected into a gas 
chromatograph. The ratio of the areas of the DEG and BA peaks, corrected for the 
sample weight, was translated by a calibration factor into weight percent DEG. 

Example 1 

5 This example shows the production of a clear solution of IP A in ethylene 

glycol. 

Ethylene glycol (EG; 360 g) and IPA (240 g) were added to a kettle, that 
has been nitrogen purged to substantially remove air and moisture to the vent, to 
produce a mixture containing approximately 40% IPA by weight. The mixtiu-e 

10 was heated from about 25^C (room temperature) to 1 80*^C in 110 minutes. 
Boiling started at 174^C after 50 minutes starting heat, boiling stopped after 1 
hour at 1 80°C, total boiling time was 2 hours. IPA was completely dissolved 
when the temperature reached 180°C. A sample was taken at that time. The clear 
solution sample solidified immediately when cooled to about 25°C (room 

15 temperature). 

The solution was further heated at 1 80°C for additional 2 hours. A sample 
taken at this time remained clear when cooled to room temperature. Carboxyl 
groups were analyzed to be 603 meq/kg (88.5% of IPA COOH were esterified). It 
also contained diethylene glycol (DEG) 0.51% and water 1.33%. 

20 Upon heating for a total of 4 hours at 180°C, a clear solution sample taken 

became a liquid containing partial gels when cooled to room temperature. 
Analysis showed: Carboxyl groups, 418 meq/kg (92.0% of IPA COOH were 
esterified); DEG, 0.74%; and water, 1 . 1 9%. 

When this solution was heated for a total of 6 hours at 1 80°C, the clear 
25 liquid became a gel when cooled to room temperature. Carboxyl groups were 
analyzed to be 236 meq/kg (95.6% of IPA COOH were esterified), DEG 0.90%. 
and water 0.78%. 

The results show that solution having 80% to 90% by mole of the IPA 
carboxyl groups esterified remained clear solution upon cooling to room 
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temperature. Though clear solution at room temperature is not required for daily 
operation because the IPA solution is normally injected into TPA oligomer line at 
higher temperatures, clear IPA solution at room temperature would not plug any 
piping or equipment in case of temporarily equipment or process failures that 
5 cause the solution to cool to ambient temperature. 

Example 2 

This example shows that the invention IPA solution can contain an 
antimony compound to reduce glycol injection in CP process. 

EG (360 g) and IPA (240 g) were added to a kettle, as in Example 1 , to 
1 0 make a mixture containing approximately 40% IPA. It took 30 minutes to heat 
the mixture from about IS^'C to 1 80^C. Boiling started at 1 80^C after 30 minutes 
starting heat, boiling stopped after 75 minutes at 180®C, total boiling time was 75 
minutes. IPA was completely dissolved after the solution was heated at 180°C for 
75 minutes. 

15 A sample was taken after heating at 1 80^C for 2 hours. The clear solution 

sample became gel when cooled to room temperature. Another sample was taken 
after heating at 1 80°C for 4 hours. The sample remained clear solution when 
cooled to room temperature. Analysis showed: Carboxyl groups, 899 meq/kg 
(82.9% of IPA COOH esterified); DEG, 0.50%; and water, 1.10%. 

20 Antimony oxide (SbjOg; 5.02 g) was added at the end of 4-hour heating at 

180°C to the solution. The Sb203 dissolved immediately, antimony in the solution 
did not crystallize or precipitate when the solution was cooled to room 
temperature. Antimony in the solution was 0.7%, if this solution were injected to 
TPA oligomer to make polymer containing 2% IPA by mole, antimony input 

25 would be 300 ppm of polymer. Antimony in IPA solution can be increased or 
decreased to meet catalyst needs. 

Example 3 

This example illustrates that a titanium compound can be added to the IPA 
solution to accelerate esterification reaction. 
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EG (480 g), IPA (120 g), and tetraisopropyl titanate (TPT; 0.2136 g) were 
added to a kettle as in Example 1 to produce a mixture containing 20% IPA and 
60 ppm Ti (by weight). It took 40 minutes to heat it from about 25°C to ISO'^C. 
IPA was completely dissolved when the temperature reached 1 80°C, a sample was 
5 taken at that time, the clear solution sample solidified immediately when cooled to 
room temperature. Analysis showed: Carboxyl groups, 884 meq/kg (64% of IPA 
COOH were esterified). 

After heating at 1 80°C for 2 hours, a sample was taken, the clear solution 
sample remained clear when cooled to room temperature. Analysis showed: 
10 Carboxyl groups, 539 meq/kg (78.5% of IPA COOH were esterified); DEC, 
0,183%; and water 1.49%. 

After heating at 180°C for 4 hours, a sample was taken, the clear solution 
remained clear when cooled to room temperature. Analysis showed: Carboxyl 
groups, 249 meq/kg (90.1% of IPA COOH were esterified); DEG, 0.372%; and 
15 water, 0.88%. 

After heating at 180*^(1; for 6 hours, the liquid contained some white solids 
when cooled to room temperature. Analysis showed: Carboxyl groups, 91 meq/kg 
(96.4% of IPA COOH were esterified); DEG, 0.622%; and water, 0.51%. 

Example 4 

20 This example shows that lower temperature requires longer heating time. 

EG (480 g), IPA (120 g), and TPT (0.2136 g) were added to a kettle as in 
Example 1 . The mixture contained approximately 20% IPA and 60 ppm Ti. It 
took 40 minutes to heat it from about 25®C to 160°C. IPA was completely 
dissolved after 80 minutes at 160^C, a sample was taken at that time, the clear 
2 5 solution sample solidified immediately when cooled to room temperature. 

After heating at 160°C for 4 hours, a sample was taken. The clear sample 
solution became gel when cooled to room temperature. Analysis showed: 
Carboxyl groups, 685 meq/kg (72.5% of IPA COOH esterified); DEG, 0,091%; 
water, 1.50%. 
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After heating at 160°C for 6 hours, the clear solution remained clear when 
cooled to room temperature. Analysis showed: Carboxyl groups, 553 meq/kg 
(78.0% of IPA COOH esterified); DEG 0,137%; and water 1.95%. 

Example 5 

5 This example shows the production of a clear solution of IPA in 1 ,3- 

propanediol (propylene glycol; PG). 

PG (480 g) and IPA (120 g) were added to a kettle, as in Example 1, to 
produce a mixture containing approximately 20% IPA by weight. The mixture 
was heated from room temperature to ISO^C in 15 minutes. After 15 minutes at 
10 1 80®C, boiling stopped, IPA completely dissolved. 

4 

A sample was taken after 4 hours at 1 80*^C, analysis showed: Carboxyl 
groups, 198 meq/kg (92.1% of IPA COOH esterified), water 1.12%. 

After 6 hours at 1 80*^0, the solution was cooled. The solution remained as 
clear golden brown liquid without any solids at room temperature. Analysis 
15 showed: Carboxyl groups, 152 meq/kg (94.0% of IPA COOH esterified); and 
water, 0.69%. 

Example 6 

This example shows the mass balance of the invention solution due to 
evaporation of water. 

2 0 EG (378.8 g) and IPA (222.2 g) were added to a kettle, as in Example 1 . 

The vapor was condensed in a two-stage condensing system with dry ice. Seventy 
minutes after heating started fi-om about 25^C, the mixture began to boil at 1 77*'C. 
It reached 180*'C in 20 minutes, and was maintained at 180*^0 thereafter. The 
mixture became clear solution in about 45 minutes after boiling started. Total 

25 boiling time was about 1 hour. The solution was maintained at 1 80®C for 3.3 

hours after boiling stopped. Then the solution was cooled to room temperature by 
stopping heating. The cooled solution was clear except a small amount of white 
movable solids in the bottom. The weight of solution in the kettle was 548 grams, 
the condensed vapor was 35 grams. Analysis of the solution showed: Carboxyl 
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groups, 776 meq/kg (84% of IPA COOH esterified); DEG, 034%; and water, 
0.81%. 

Example 7 

This example shows an IPA solution containing phosphoric acid. 

5 EG (337.0 g), IPA (222.2 g), H3PO4 solution (H3PO4 10%, ethylene glycol 

88.2%, water 1 .8%, all by weight; 40.8 g) were added to a kettle, as in Example 6. 
Forty minutes after heating started from about 2S^C, the mixture began to boil at 
177°C. It reached 180°C in 15 minutes, and was maintained at about 180°. The 
mixture became clear solution after 15 minutes at about 180*^C. Boiling stopped 
10 after 80 minutes at 1 80°C. The solution was maintained at 1 80®C for 3 hours after 
boiling stopped. Then the solution was cooled to room temperature by stopping 
heating, the cool solution was clear without solids. The weight of solution in the 
kettle was 524.9 g, the condensed vapor 46.1 g. 

Example 8 

15 This example illustrates a continuous polymerization process for polyester 

with a polymer flow rate of 55 kg/hour. Tetraisopropyl titanate (TPT) was used as 
catalyst to accelerate the esterification reaction. 

EG (1 81 .4 kg), IPA (45.4 kg), and TPT (53.8 g) were added into a mix 
tank, which had been nitrogen purged and an open discharge port to remove water 
20 vapor. The mixture contained about 20% IPA and 40 ppm Ti. It took 60 minutes 
to heat the mixture from 42®C to 185.5°C. IPA was completely dissolved at about 
180°C. 

After heating at about 182.7^C for 4 hours, heating was stopped. Sample 
was taken 8 hours later when the solution in the mix tank was cooled to 120**C. 
25 Analysis showed: Carboxyl groups, 115 meq/kg (95.4% of IPA COOH esterified); 
DEG, 1.10%; and water, 2.43%. The liquid sample contained a small amoxmt of 
white solids when cooled to room temperature. 

The solution was injected from feed tank into TPA oligomer in the pilot 
plant to make copolymer containing 98% TPA and 2% IPA by mole. Antimony 
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glycolate and cobalt acetate were injected into oligomer line as catalyst at a rate of 
230 ppm Sb and 48.7 ppm Co in polymer. To reduce the interaction with 
antimony and cobalt, phosphoric acid was injected into the TP A esterifier at a rate 
of 30 ppm P in polymer. The esterifier was run at 282°C, the first prepolymerizer 
5 ("flasher") was 265 °C at vacuum 90 mm Hg (12 kPa), the second prepolymerizer 
was 275°C at vacuum 35 nun Hg (4.67 kPa), the final polymerizer ("finisher*') 
temperature was 282''C. Finisher pressure was controlled by an online meh 
viscosity instrument which measures polymer molecular weight. In this example, 
the average of finisher pressure was 4.28 mm Hg (0,57 kPa). Polymer 
10 temperature in the transfer line fi-om finisher to casting machine was 282°C. The 
molten polymer was cast with cooling water and cut to obtain flake of 0.44 g per 
25 particles. 

The polymerization process performed very well, the polymer resin had 
high quality: Intrinsic viscosity 0.638, turbidity 1 10.5, acetaldehyde 42,6 ppm, 
15 melting point 249.5^C, L color 52.02, a color 0.844, b color -1.18. 

Intrinsic viscosity (I.V.) analysis was determined as follows. Weighed 
polymer sample was dissolved in hexafluoroisopropanol (HFIP) to make 4.75% 
solution. The drop time of the solution at 25^C was measured using a constant 
volume viscometer in an Octavisc® auto viscometer system. Turbidity was a 
20 measure of cloudiness in polymer resin and was determined by dissolving a 

weighed flake sample in HFIP followed by reading with a Hach Model 2 100 AN 
Turbidimeter. The lower the turbidity number, the clear the polymer was, 

Acetaldehyde was measured as follows. Four (4) grams of polymer was 
added to a cryrogrinding tube. The tube was cooled in liquid nitrogen for 1 .5 

25 minutes. It was then impact ground for 3 minutes, and cooled to room 
temperature for 90 minutes. About 1 g of material was charged to a 22 ml 
headspace vial and sealed; the weight was recorded. The sample was then 
injected with a Hewlett Packard HP 7694 automated headspace sampler, which 
was coupled to Hewlett Packard 5890 gas Chromatograph instrument. The 

30 injector temperature was 160°G, the detector temperature was 250°C, colunm was 
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DB-wax with ID 0.53 mm, length 30 meters, 1 .0 micron film thickness, the 
detector type was fiame ionization. Acetaldehyde concentration was calculated 
from the area comparing to a standard. 

Color of the resulting oligomer and any polymer produced therefrom was 
5 measured in terms of the L-value and b-value, using a Hunter color instrument. 
The L-value shows brightness, with the greater the numerical value showing 
higher (desirable) brightness. The b-value shows the degree of yellowness, with a 
higher numerical value showing a higher (undesirable) degree of yellowness. 

Example 9 

10 This example shows that phosphonate ester reduces insoluble solids in 

polymer thereby reducing polymer turbidity and improve polymer color. Titanium 
catalyst was added to accelerate esterification reaction in IPA solution. 

EG (1 8 1 .4 kg), IPA (45.4 kg), and TFT (53.8 g) were added into a mix 
tank, which had nitrogen purge and an open discharge port to remove water vapor. 
15 The mixture contained about 20% IPA and 40 ppm Ti. It took 60 minutes to heat 
the mixture from 36**C to 1 8 1 .5°C. IPA was completely dissolved at about 
180°C. 

After heating at about 180.8°C for 4.5 hours, heating was stopped. Sample 
was taken 1 1 hours later when the solution in the mix tank was cooled to 1 16°C. 
20 Analysis showed: Carboxyl groups, 1 1 1 meq/kg (95.6% of IPA COOH esterified); 
DEG, 0.929%; and water, 0.91%. The liquid sample contained some white solids 
when cooled to room temp. 

The pilot plant polymerization process and operating conditions were the 
same as Example 8. Ingredients were the same as Example 7 except that 
25 phosphoric acid was replaced with triethyl phosphonoacetate (TEPA) in glycol 
solution at a rate of 30 ppm P in polymer. TEPA in glycol solution containing 
phosphorous 0.158% by weight was made by mixing ethylene glycol (81.6 kg) 
and TEPA (0.947 kg). 
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The average of finisher pressure was 3.37 mm Hg (0.45 kPa). The 
polymer resin had lower turbidity (better), higher L color (better), and lower b 
color (better) than the polymer in Example 7: Intrinsic viscosity 0.637, turbidity 
80.5, acetaldehyde 23.3 ppm, melting point 249.6°C, L color 53.15, a color 0.916, 
5 b color -2.166. 

Example 10 

This example shows a polymerization test in the same pilot plant as 
Example 8. No titanium catalyst was added to the IPA solution, the degree of 
esterification in the solution was lower. 

10 EG (1 81 ,4 kg) and IPA (45.4 kg) were added in a mix tank, which had 

nitrogen purge and an open discharge port to remove water vapor. The mixture 
contained IPA about 20%. It took 2 hours to heat the mixture from 35^C to 
1 78.2°C. IPA was completely dissolved then. 

After heating at about 180.5°C for 4 hours, heating was stopped. Sample 
15 was taken 1 1 hours later when the solution in the mix tank was cooled to 1 OO^C. 
Analysis showed: Carboxyl groups, 329 meq/kg (86.9% of IPA COOH were 
esterified); DEG, 0.939%; and water, 1.86%. The IPA solution sample remained 
clear when cooled to room temperature. 

In the feed tank, solution temperature decreased to 60--80^C. The solution 
20 was injected from feed tank into TPA oligomer to make copolymer containing 
98% TPA and 2% IPA. Additives, process conditions, and polymer properties 
were similar to Example 8, except that injected cobalt was 44.9 ppm of polymer, 
injected phosphorous from TEPA was 40 ppm of polymer. Compared with 
Example 8, without the small amount of titanium catalyst (Ti 3.4 ppm of polymer) 
25 in IPA solution, polymer color was slightly better. The average of finisher 

pressure was 3.45 mm Hg (0.46 kPa). The polymer had intrinsic viscosity 0,637, 
turbidity 59.1, acetaldehyde 36.1 ppm, melting point 250.2°C, L color 54.44, a 
color 0.785, b color -2.165. 
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CLAIMS 

What is claimed is : 

1 . A solution comprising isophthalic acid and a glycol wherein said 
isophthalic acid is substantially soluble in said glycol and has 50 mole % to 100 

5 mole %, preferably 70 mole % to 98 mole %, of its carboxylic group esterified by 
said glycol. 

2. A solution according to claim 1 wherein said solution comprises 
monoesterified isophthalic acid, dimer thereof, trimer thereof, tetramer thereof, 
oligomer thereof, or combinations of two or more thereof 

10 3. A solution according to claim 1 or 2 wherein the concentration of said 
isophthalic acid in said glycol is in the range of from 5% to 60%, preferably 10% 
to 40%, by weight. 

4. A process comprising combining a glycol and isophthalic acid to form a 
mixture; heating said mixture under a condition sufficient to substantially dissolve 
15 said isophthalic acid to produce a substantially soluble solution wherein said 

isophthalic acid having 70 mole % to 98 mole %, preferably 80 mole % to 95 mole 
%, of its carboxylic group esterified by said glycol; and optionally cooling said 
solution to a temperature substantially lower than the temperature for substantially 
dissolving said isophthalic acid. 

20 5, A process according to claim 4 wherein said solution comprising 

monoesterified isophthalic acid, dimer thereof, trimer thereof, tetramer thereof, 
oligomer thereof, or combinations of two or more thereof 

6. A process according to claim 4 or 5 wherein the concentration of said 
isophthalic acid in said glycol is in the range of from 5% to 60%, preferably 10% 

25 to 40%, by weight. 

7. A process according to claim 4, 5, or 6 wherein said mixture is heated to a 
temperature in the range of 100°C to 250*^0, preferably 160^C to 190°C. 

8. A process comprising contacting, optionally in the presence of a 
phosphorus compound, either (a) isophthalic acid or a solution as recited in claims 
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1 or 2 witn a polymenzation mixture compnsing a caroonyl compound ana a 
second glycol or (b) isophthalic acid or a solution as recited in claims 1 or 2 with 
an oligomer derived from a carbonyl compound and a second glycol under a 
condition effective to produce a copolymer comprising repeat imits derived from 
5 said carbonyl compound or ester thereof, isophthalic acid, said glycol, and said 
second glycol wherein 

said phosphorus compound is phosphoric acid or a salt thereof, 
phosphorous acid or a salt thereof, a polyphosphoric acid or a salt thereof, a 
phosphonate ester, a pyrophosphoric acid or salt thereof, a pyrophosphorous acid 
10 or salt thereof, or combinations of two or more thereof; and 

said phosphorus compound is introduced into said process together with or 
separate from a catalyst. 

9. A process according to. claim 8 wherein 

said carbonyl compound is terephthalic acid, isophthalic acid, napthalic 
15 acid, succinic acid, adipic acid, phthalic acid, glutaric acid, oxalic acid, dimethyl 
adipate, dimethyl phthalate, dimethyl terephthalate, dimethyl glutarate, oligomer 
thereof, or combinations of two or more thereof; 

said glycol and second glycol are each independently ethylene glycol, 
propylene glycol, isopropylene glycol, butylene glycol, 1 -methyl propylene glycol, 
20 pentylene glycol, diethylene glycol, triethylene glycol, polyoxyethylene glycol, 
polyoxypropylene glycol, polyoxybutylene glycol, or combinations of two or more 
thereof; and 

preferably said carbonyl compound is terephthalic acid, ester thereof, 
oligomer thereof, or combinations of two or more thereof and said glycol and 
25 second glycol are each ethylene glycol. 

10. A process according to claim 8 or 9, wherein the mole ratio of carbonyl 
compound or ester thereof to isophthalic acid in said copolymer is 99.1 :0.1 to 
50:50. 

11. A process according to claim 8, 9, or 10 wherein said process is carried out 
30 in the presence of said phosphorus compound. 

12. A process according to any of claims 8 to 1 1 wherein said polyphosphoric 
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acid has the formula of Hn+jPnOsn+ii said phosphonate ester is selected from the 
group consisting of (R^O)2P(0)ZC02R\ di(polyoxyethylene) hydroxymethyl 
phosphonate, and combinations thereof; n is > 2; each is independently selected 
from the group consisting of H, C,^ alkyl, and combinations thereof; and Z is 
5 selected from the group consisting of C,.^ alkylene, C,.5 alkylidene, and 
combinations thereof 

13. A process according to any of claims 8 to 1 1 wherein said phosphorus 
compound is phosphoric acid, phosphorous acid, sodium phosphate, potassium 
phosphate, sodium phosphite, potassium phosphite, potassium tripolyphosphate, 

10 sodium tripolyphosphate, potassium tetrapolyphosphate, sodium 

pentapolyphosphate, sodium hexapolyphosphate, potassium pyrophosphate, 
potassium pyrophosphite, sodium pyrophosphate, sodium pyrophosphite, ethyl 
phosphonate, propyl phosphonate, hydroxymethyl phosphonate, 
di(polyoxyethylene) hydroxymethyl phosphonate, methylphosphonoacetate, ethyl 

15 methylphosphonoacetate, methyl ethylphosphonoacetate, ethyl 
ethylphosphonoacetate, propyl dimethylphosphonoacetate, methyl 
diethylphosphonoacetate, triethyl phosphonoacetate, or combinations of two or 
more thereof; and preferably,said phosphorus compound is phosphoric acid, 
phosphorous acid, potassium tripolyphosphate, sodium tripolyphosphate, 

20 potassium pyrophosphate, sodium pyrophosphate, di(polyoxyethylene) 
hydroxymethyl phosphonate, or triethyl phosphonoacetate. 

14. A process according to any of claims 8 to 13 wherein said phosphorus 
compoimd is introduced into said process before, during, or subsequent to said 
contacting. 

25 15. A process according to claim 14 wherein said phosphorus compound is 
introduced into said isophthalic acid or said solution. 
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Title: 

POLYESTER COMBINED FILAMENT YARN 



Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive polyester combined filament yarn 
having excellent thermal stability, good operating efficiency, and excellent safety. 
SOLUTION- This polyester combined filament yarn is obtained by carrying out 
polymerization using a catalyst containing aluminum and/or its compound and a phenolic 

compound or a phosphorus compound. 
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[w^js 3 ] « t L-r $ t:: u y^-^m-t^-fm 

U XXr . 

*>'lSm^t'S)l.iS««2~4C0V^-r*l*<iS®W 
,-K'jxxf^WI^^. 

[|im«7 ] u y-(l:^t)*\ TE-« ( 1 ) ~ ( 3 ) 
mxtx'hhm^ 2 ~ 6 V ^-fii^Hci^^o^ 'J XX 

[^1:2] 

l'(=0)R'R*(OR^) 



[its] 

p(=o)jVk^r^ 

(3^ ( 1 ) ~ (3) R'. R'. R^Ji-eix-f^x 

O0t«mi~5O<7)K'(bkm«^«t. R^ R^li^ti 
-enttil^^K*, ^igitl~5 0<7)^^bK*a. 7j<ltS 

[mms 1 5t ( 1 ) - ( 3 ) ■tc'jR' . , R5 , R« 



c^-ri..! t t:mLtt^mm 2~8i=^«jco!jf jx 

[IS*« 1 0 ] 7 X y-;uaiS:l5l-^i^rtlc^-tl) 'J 

-fb-^w^ Tia-«i5^ (4 ) ~ ( 6 ) x-m^tiut^ 

3i9iciSi8<?)/ifJxxT;i'^*. . 
[^k:4 ] 

l'(=0)R'(OR')(OR') 
?(=0)R^R*(OR') 
i»(=0)R^R^R^ 

(jS; (4) ~ (6) 4". R»{47xy-;USSr*tf^i( 
1-5 Oc7)^-fbJ<«». ^Sa^/cti^Na^'ya^TtJi 

^'tmsL^zim. ^fci~5oco^-(bK^s. *Ka 

t.fzW'^'a'yymttz\i7)Vu^i^)V^ttz\i7^Jm 
^^Ks^W 1-50 (7)^'fbJ<«»$r^-r , . R3 ii-?- 

'5r< fc t>-s-c'3is ^ fc ^itrnt -ri-ff^is 2~ 1 0 o 
[filial 2] ^}y(^^mmt'^^<r)±m%'^i)\ l 

i, Na. K, Be, Mg. Sr, Ba. Mn, Ni, 

cu. znt't:>mmixh^t^mkb-fhm.m 1 

[ff^JSl 3) U y<O^JH^'(l:-&ft*\ TIS-^K^ 
f *>I.IS««1 1 *^cl41 2tiSS8t7)jKUxXT;Uiiai 
[-(1:7] 



(5^ ( 7 ) R' (i^KSI. *tSSiC 1 ~ 5 0<?5^m7l<« 

ii7 5 y «^ -^tJi^t-^ia 1-50 <7)mit&^mmim. 
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I 



(5^ (8) Rm4<.m, ^«ici~5o«^'ibi<» 
ar 5 y s^^tf^st i ~ 5 o co^-fbKSSSr^-t. 

RHi. ^i!tl~5 0co^-fbK3SS. 7j<®St 

!|tmi:-tl.W*fl2-l 0£OV'>ftL*HCiB®fO;K'Jx;^ 
Iit9] 



M (R*0-)m 




[M^ii 1 6 ] -Mss: ( 9 ) x-m^tit y y^k-^ifejin^ 
iaHiee (10) x'mixiit-^mi)^ti>miR^ii&'>^j: 



HO-O^CHa—pO- 1 

(iC (1 0) f . M''*iinm(O^U:^i-^yi^-t. n 
till. 2. 3*:t{44Sr^-t. ) 
[if 1 7 ] 'J yit^(OT)V S AJgSr^W 

flfeii ( 1 1 ) Tmiihit^i]^^MVi^tih:}'-tc< b 

h-mx'hhm^i 7iciB®co^yxxT;i'mfe. 
[^111 



r'-(CH2)„-p— 0- 



AI^(R''0-), 



m 



(^(11)+. R'a*«. o&imt^ 
tdi7 s ym^timmm i ~ 5 o mit^mmm 

tsmm 1-50 ffymtymmtmt. 1 «4 1 ja±<os 

ration «41 Jilt tom^^L-, l+iD{43f S>l., n 

(ISjRJB 1 9 ] TI2-«li»i (12) x-m^tiiit-^mi)^ 

^mm^ti^'j'-^j:< b 1 1 mi^^ix^sifm^m^^ 
C^l:i2] 
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(CH2),-P— O- 



(^(12)+, R', 
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5 ocoMbksa. mmtzitT)\^a 



y\(.mm^:mt. Htia±<^mi.. diott^i±ia±.<7) 
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tk^s. ymmt fzHT)]^^ ^ i^ji^m-ttt^^ i ~ 

5 0i0^^bK«»^^-r. RMi, tK*, ^^1~5 

;l'*::i;l'?r-&t^^^^ 1-50 co^^bKiSaSr^-t • I 
{ilW±«8iC. inliO*^^ti:lJiU.cOBf!cS:at, l+m 

{i3T'j>i.. mtmmimmmm'^^^m'^m 

lM^Ja2 1 3 'J y'lb-^*^ P-0HJg-&$r'>'5r< 1 1- 
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(CH2)n-P— OH 



(S ( 1 5 ) R' . R2{i-?-n-fit?4itC7l<m, ^ 

gci~3o«^^bJ<s»2r^t. R3{i. 7\m. mmm. 
•^tf^m i~5 o<r)mt^mm^^t. n(i i m±co 

[f«^2 4 1 -WsH (15) -C^^ill. U >'-fli-^3&< 
Tii-m (16) •C'*§ni.-(k^ft*»'^iHR$til.'> 
>5r< i: t-at'ib"i)ff^«2 3tcffi«0;K'Jx;<.T^P?g 



[^bie} 




CHa-:^— OH 
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ii(i~3 0<7)»K^a^^-r. RUiitiw^ 
it7j<«, ^fgm 1-50 co^-fbKsa. mmt tzn 

[M5Ra2 7 1 -m. (18) -ca^ixi. 'J 

y^-m: (19) t'^$n«.'fl:^*»<?>iilli?$n&i!'- 
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(5^ (1 9 ) "f- RK P.Ht^find>t±^Zym. m 
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[^1:2 0] 



HO- 



1 OcOV^ 
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[»*ia2 9 1 m^Miii: Lxry'h=^y{c^i7y 

i-=tyWrf-t LT'-K'JXXx/WC^^LTSOppinJJlTiOl: 
«D$tiT>5rl.^ t^H^JH 1 ~2 8<0V% 

L'r*"UxXr;l/C*tLT20ppiniyT 
c7)fiA<®!in$^lT^2. C fc mWitthmm. 1-2 8 

lit^3 1] mmJfO. 4dl/g~l. 2d 
1 /g-C$) ^ t ^#1Sfc1-|.i8«JH 1 ~3 0 W^-m 

lnm<r>r^ U xxr;WjiiBi*. 

3 21 J x;^Tyi'ig«l**^ SJR^^i!*! 

t'^^l) i t ^ !t#® i: t-aff*« 1 ~3 1 <OV^-ri^*>fc:le 

SJ(0;K'JxXT;U?Iili*. 

Ci«^iI3 3] ;KUx;^r/UM)Rii?Sii**»\ eBl* 
,-KUxxf-;WMii^i^. 
[000 1] 

{wmm-thwmm\ ^^Hflii'-Kuxxr^ua^M 
■ri.tco-C'J)0, $'bicifu<i4, ^-vu-T^^-^i*, ry 

fcJ;lA'ifLSrffl<.^-ClSji$nitH<'Jx 

[0002] 

ltsl*Wj$»] ;KUxf-lxyTV7^U-b (PE 
T) , ;KU7'f-^yf-^7^'l/-h (PBT) , ;KUX 
f-^y:h7^P~b ( PEN ) lllCft:^$ix^^'Jxx 

mmm<r)mi&^zmm ^ixxuh. it^fl^^sr^ u x7. 
T)VX'hh'nmWi=yfi)Vi^^y'^>:. r)V^ vy^f o 

( PET) C0*i-&t(4. f-l- ^:?/^!! 
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coxxr;WI:t>L<{ixxT^i'^icJ;-''Ct'x (2- 
ijx;?.7-;K?)ffl^-&i^i::fflv%<i>iil.'-K'Jx:z.T/l'fi-&«i 

=tyt:mk^^t fC-i?*=5:V^^UxXr;l'*«S*ix 
[00031 ^*3*cux;?.x^w*^^-tiB«o^W±^l-^ 

yj^-,c'mm±MWzh-^fz^^ 7.\^y>^-y'p<^ 
co^m^3iiS®T<^'Safc^s. ^^-'■^^^ :tfjxx-7^ 

c7)^c7)'5:V'';K'Jxxr/l'a-^WS*''**^^^^" -t-"^ 

^y^rfflV^T. *>-oPET<0il-f^^M!t8!lOll^?&«l»l 
■r4M;^^*«=fft.n-CV^I,, ifiJAtf, #i^S^2 6 6 6 5 0 

t'xvxi3J;t/-bUy«0'lb^tl5:fflv^|,^fcT-. PET 
29 1 14 1-flcfcv^-CJi, fiiBfr&MiSEfc 'J 

[0004] i^fBaTl 0-3 64 9 5^^i>ISt^ 

{± HK-fkry^^y. 'JySt3it/x;^*y^g^l:-&!t^ 
Srfigffl U/^5tBfl11lcffinfc;K 'J xj^T^W^jSSIiijta*'' 

tiyi^yxxTyH4Sft^5Ett*^'^< ^ ttf>^i-^^*-B^» 
Tv^^o ^\\c7y-i-'^y^(r>ry^'<tymm<z.'Xh 

h^zm^ti^'t^ ylt-&!t^^xx-(b-&!f%i*^'^ 
* $ ix t v> I. *\ ^ f> & ffl V ^ T S it $ +° 'J 

:L7.=f)Vm t < tfe-r % i: V > rn«.$::^t i> , 
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167 2 2-^t't±, -rb^r^w^^v^^^— 
tlT^^-g>. ifc. #^T8-7 3 581^lCJ:Sfc- fi 

gsati: tt:fflv'>t;a-&L:td^iixxT^KojtMM}B^<^ 

-2 59 2 96^t'{i. f-^'y-lk-^l^oSrlSll^kLT^KU 

xx-f/uSra-^UT'dltU y*-(t.-^2r^n-r&:frffi** 

[00051 T;i'5-'>-^^l:^«^tfl**«^ft*=^ 

m^^tix\^^if. ±M(r>7y^=tyit^'^'^f-^> 

■r ii}>i,7J\^^~^M.^-^^mttxm^^xm 
mmLxm^vtzJifo xxT/uigfe^^tttc^a t 

^■^mmbx+mfmmi^ti^')^^'r)\^ 
m^fmt-ttmii^'j^x'ht. *>*»i.^wg4iiS: 

T'*)"?, -ew^JI. #A,ii^dfJx;;^T;i'S-^*wT 

ivA^j±mt-^uzimix. ^^.^^<^:tmT<ov^-f^^ 
[00061 1) ^tifi*^'^<^ 0 ^ mmmzmi 

2) ;K'Jx>!.T/l'*-&f4=«D7K^»f14*^®'F'-' 

3) ;K'Jx:^T^WS-&ftwfePco:T=^, B0*>a-^*'IS 

I.. 

7:,y^^ y-it-^mMxmii-zMmi'&i'-^ LA^oiie 
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1 0 - 2 5 1 3 9 mmm^^ 

(h)mit's^^~ (own 

COO 071 

vSttC^n, A-'^MM'O^vS 1 1 < {il^*2r-r ^ - 1 

yx;?.r;ua-&*2rfflv^-C^B3*J*5L'T#Wc!K'Jx 
[0008] 

J; o T , H<'Jx;?.T;l^«O^S£tt*^'l<^±-f S 1 1 i> 

[0009] -i-tiih-h. i^WMhsmM(nWmt t 
t <9 =5: -K 'J ^)Vm.-^m% 5r ffl v ^T Slit 
[0010] 
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• J xxT;Wfi-^*^ t> ^ 4 ;K 'J xxr;W^ 5r^-t !> 

y-/N»*|si-^i*ifc*1"S 'J y^b-^!iii:*''?>5rS'l^ 

Uxxr;l^a^f!«it'S)^. 
[0011] *%aBc7)SBI^M«S:^8BK-r?.T/W$-'> 

[0012] r)Vi-'^Mt-^mt ttti. 

r^Vs-'^i^, 7-nU7j-yKT;u5-'>A. m.r)v^ 
-^M.. r^"J/WKT;U5-'>A, ^-^uyKTyi^S- 

^ h\ T;WS-'^ixn-7-a.-Kdf-9-^ h\ T/l'5-'^i^is 

AT-fe^;i-T-tT-h. r;u5-'>i>.x^;i'r-febr-fe 
-j^_b^ 7;^$x':7Ax^/^r-(:^T•feT-^i^'iso-r 

d^y^tg, iE«l^igfcJ;t/^w-b'ft.^tiA^'ff*L.<. 

[0013] 7|s:|6BBcor;l'5X'>A^:V^Ur;W5x'>i>. 
-(k-^Wl^efflftttTtl. if<^ni.^'JX>Cr/K7)->';^ 
;^;Ky®^^^i^^^^^'>'K'S:i:'^0;<?;^tCyi!fi!<;^^O^fli 
Bi4iX-ybWt;l^tC«tT0. 0 0 1-0. 0 5*;u 
%*W*U<. $t>t«f*K«i. 0. 0 0 5-0. 0 
2^;^%-Cfcl.. mmS-ti^o .001 t;i'%*}tT'$>6 
t8fi^vSttA>'+^tc^»StL'5rV^«-&A%0 . f£fflfiA< 
0 . 0 5^)V%VJ±{z^j:h b . ift^gtt^K^fc^Stt 

mmi:^M^z-xb^j:mm^i-i . ^^'at^mii^ 

^j»feAM&«$ifx^<. 
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[0014] *|&BB<7)affl^S4M$:«-tS V3.J-)V 

wii^cna^ti^ix^rv^**, mm. 2,6-v-tert--/f- 

;W4-^ ^;W7 X y -^l' . 2. 6-i^'-tert-7"^;W-4-X^;l/ 

2.6->'''f vrnt;w-4-x^;i/7xy-;w. 2,6->'- 

tert-r S;U-4-;^ x /-/W^ 2,6->''-tert-7t-7^ 

n-3r^'^;P7xy-;i-, 2M yTPt;w-4-x^/w-6-te 

rt-yf-;l'7 X y-Zl', 2-tert-7'f-^U-2-Xf-;W-6-tert 
's^i^;l/7xy-;l', 2-i^^'0's=Jf->';W-4-n-7'^^W-6- 

^ y TO f;P7 X 1. 1. 1- b U :^(4-b Ka=Jf 
7xr.;W)X^y, 1,1.3-hUX (2-^f-;W-4-t h'n^ 

v-^tert-yf-;i/7x-/w) rrJ'y. b'jx^i^y/'J 
[3- (3-tert-7■f•;^-5-;^■t^^-4-t Ho 
ifi^7x-;w) rotf^;t^-b] > i.6-'^=sfi?->">''i-- 

;l/-b'X [3- (3.5-i''-tert-7'f-;l^4-t Fn^i/7x 

rnU^r^^-M , 2,2-^Jl->'x-f-Wyt';^ [3- 
(3.5->''-tert-7'f-;U-4,4-t b'ndri^7iX;W) TO 
tf3r*-h] . N.N'-^df-9-^f-vyt'X (3,5-j^'-tert 
.y^;^_4_tl?pdfv'-t Hnv-yi-SK) , 1.3,5-b 
>JX (2,fr-i^'yf-vW-3-t Fo^>-4-tert-7'f-;l''<.>' 
-f yi/TJfU-h. 1.3,5-bUX (3.5-i^-tert- 

3,5-hU^ [ (3,5-i>^-tert-7'^/W-4-t Hadfi^7x 

M;x (4-tert-7'^;W-2.&-xy^/W-3-t ]<a^i/ 
y<.y=J)\.) ^Vi^TT^U-h. 2,4-b';^ (n-^r^^^i^ 
f-:t) -6- (4-t HO=^i^-3,5-i^'-tert-7'^;l/7-'J 

y) -i,3.5-hur>''y, 7^b7^:^ [^f-wv (3,5- 

y:?y, bX [ (3,3-bX (3-tert-7-^>l/-4-bHa^ 

)l N,N'-b';«. [3- (3,5-i^'-tert-7'^/I^4-b h'n^i/ 
7x=.;W) rob^ri;U] bH7xy. 2,2- -^^-f 5 
Hb'X [x^;W-3- (3.5-j^'-tert-7'^;W-4-bHo:Sf-> 
7x:i;P) rob*^^-M . bX [2-tert-7'^;W-4- 
^^;,,_6- (3-tert-y^;W-5-y^;W-2-b h'D^-X 
yj/» 7x-;U] r^7^V-h, l.S.S-h'jy^^l' 
-2,4.6- V- 'J X {3.5-i/-tert-7^;U-4-b FO^v"<.y 
'K.y-fe'y, 3.9-b'X [l.l-i^'^f-^1'2- {/3- (3-t 
ert-y^/V-A- b F n ^ ■f-/l'7 x -^l^ ) 7'o b^J- 
-yUTt-i^-v-l xf-;u] -2.4.8.lO-rb77r^-9-^bo 
[5.5] ^VrflV. 2.2-^:'^ [4- (2- (3.5->''-tert- 

7.T.:::;H runy. li- {3,5->-'-tert-7-7-;l/-4-bF 
n^->7x-.'l-) rDb?r>-f^T/l-^^t'X;',f;l', f-1- 
5i5-X-(y tvl--3-(3' .5'->'-tert-7'^;M-b Fa:>f 
7 X T-M ro b7t-^>- M y ^ , ^ ^ r ->;l--3- 
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(3_5_i;-tert-7>;U-4-bFQ=^i^7xX;W)7-ob*3i- 
^v-h. l,l,3-hU;?.(2-P<^;U-4-b h'a^v-5-tert- 
yf-;l/7x-;W7"^'>s ^:;r>''x^l'>'-b'X(3-(3,5 
-i;-tert-T^;l'-4-b b'aJe-v'7 x-zWrabj}-^^- 
b), xf-l/yb';^ (:t^>'Xf-Vy) b';^[3-(5-tert- 
y^,^_4_t h"a^ v-m- b U M rPb:t^-- ^] . 
-9-^ f - 1/ y bX [3- (3 , 5->'-tert-7'f-;l-4- b b o ^ 
7 x ro b^l-^^- b , h 'J Xf-V y / >J 3 -/W-b' 
;^_(_5-(3'-tert-7'f-;W-4-b Kodf v'-S-^ ^;W7 x- 
ro b^^^- b , 1 . 1. 3- b 'J (2-y f-;l^4-(3- (3. 
5-y'-tert-r^;l/-4-b bn^Jf -y7 xx;l')7"ob;t-;U 
j^i^ i^] -5-tert-7'f-/U7 x X/H 7':? k' S ^ 

t-C'g^S. Z.iimo'h. 1.3.5- bUyf-/l--2,4,6-b 
l):^ (3.5-i^"-tert-7'f-;U-4-b bo^v"sy>''yl/) < 
y4fy. T h9^:^-f>^'l^3-<3' .S'-i^'-tert-T'f-;!' 
-4-b bn^v'7xx;W)7-ob;*-:t^-b);<^'Vs 
S/Xf-l- y-bX[3-(3, 5-i^-tert-7'f-;W-4-b b 
v7xX;l^)7"PbjJ-*-b)35«»* U\ 
[00151 ::it<5<07x>'-;l/m^l:^€:^'JxXr 

[00161 im9i!r>y X y-;i'^'(t.^*5!i«lSffl*t 
Tli, #^bi^•?>^Ux7.r/KO>'';<?;^4<>'K•^^^i*^^ 
tcy^=5:i:<^X;;W;K^B^tJi-«0^1SB!txx-v bOt;Ha 

l2*tLT5XlO-''~0.01^:/W3!»*lif * t< , Hl^St b< 

{iixio-«'-0.005=£;i'T'S)l). *^0K'ti> 7xy-;u 

[0017] wmsmk^m.^^^^ u 

*X7 ^ y^i^^t^ft. yjT^^'f H^^t^ 

ffi;l-.X;^yKi^'(b-^. 3g;fv;?.7 >f y Wk^s 
*>^7 y3^^t^*^<?.=5:5Sf J: OSHfit^-S^^^ti 

7.;^ yig|^-(l:^S:fflv^2> kfiijiiStt<7)l6l-tS()**«k < 

[00181 *3%BK"i^*^*>'^^-'t«'^' ^'^^ 
-f y^S-lt.-^. *X7 -f y^^-9-^ b^-fti-g^, ffi* 
;^5^yis%'(t;^%. ffi*x7 a yffi^'lk^tt, ^ 

y^-fb-^ftttJ, -C-il-e'^TE^ ( 2 2 ) - ( 2 7 ) t' 

[00191 
['(b2 2l 

o 

— o— p — o — 



[00201 
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Ut2 3] 

— |— 0 

[0021] 
Hk2 4] 

o 
II 

-r 

[00 22] 
Ut2 5 1 

— 0— |— o— 

[00 23] 
Ut2 6} 

[0024] 

-P 

[0025] *^BB(:o*x* ym^t^^t LXii. M 

Tti, >''7x-;l'5^X7-f VK, >''7x:i;l^* 

;i^7 -f y^;'<-?-;i'. x7x-/i'5f.X7 -r yiS7x-;w. 

7x--'i/*X7-fyK. 7x::^;i/*;^7 
7x-;i/;^X7-f yK7x-;w^i:>W^iT.I>. *^ 

j;7xCi;l'*;^7-f p<^;Wi/'7xX;W* 

X7 -f y^J-df-t^ h\ hU7x-/l/*X7'f y:^=^^f^ 

K^i:A^W4)ixl), *X7-{yKIMb^, *X7-( 
y^j-^-t^f h'.^-^, iE*^*yl?i^'fl:-^!t«o. 3S*;«. 

7 -f yMJ^-lb^tt- *X7 -f y^^^b-^ft<7)4it1i:. 
BflW ij y^k^il^t Tiest ( 2 8 ) ~ ( 3 3 ) T 

[0026] 
[•fb2 8] 

O 
OH 

[00 27] 
( fk2 9 1 




[0028] 
[<b3 0] 

o 



[0029] 

[its 1 ] 




[0030] 
[-(k3 2] 

P-CH2-CH,-Pv 



[003 1 ] 
[€3 3] 

[0032] ±tiit: 'J yit^^co^x'h . j^mmmut 

[ 0 0 3 3 ] ^^wnffimm-^fm'kmmh u y 

<\L^mt bx\i, Tia-^^ ( 3 4 ) ~ ( 3 6 ) x-m^ 

[0034] 
[^3 4] 

1'(=0)RH0R2)(0R') 

[0035] 

[-11:3 5] 
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[0036] 
[^1:3 6] 

[0037] (34) ~ (36) R'. R*. R 

[0038] *%9B<0fii^j«S:1«fi&tl. U yit-^ 
blZii, ±fE5^ (34) ~ (36) R'. R^ R 
6. R6*<3?=#mi«itSr*-ri.S-CJ)l)^l:-^»'i:<t» 

[0039] :^m<omm^M!^.m^ti u y-ft-^ 

7x-;i/*x*yKyxf-;u, 7x-;w*X7iNy®y7 
yitj/xf-;W, >''7x-;P4^^7'fyK> >''7x:^;u* 

X7 -f yK^f-ZW, v'7x-;l/*X7 -f yi!7x~;l', 

7x-;i'*^-7 -f y@S, 7xr.;i/;}^;z.7 y^;^^-;!^, 
7x-;i'*;^7 >f ySS7x::i;i', i;7x-^w*;<7 -f y 

y^^-f^ H, ^^;Ui>'7x::^/l/*:^7'f y:t=^f^?-^ 
V >J 7 x:::;l'*X7 -< ysJ-^-t-f H^ri^AWotT-l. . 

ifL^cod*>T\ 7x::^;^I^;^5^vyffii''^^/^. '^.vj^' 

[0040] *I|BB«U y'ft-^iHiiWffifflai: IXli-. ^» 

t'cox? ymjs.^<^±nfS.:3.- -y h cot ^i-ictc^t lt 

~0.005t;UfJ>i.. 

[0041] *%aB£7)SiBI^Mtr1iBKi"?' 7 x 7 
gUSTpl-^^rtC^-fl) 'J >"(k«?^t L-"*^**^ 7x7- 

•ft-^. *7.7 yMk-^tt, *;^7 >f y^^^^ ¥ 
i}^i^^<Mti^\ cmfjco'i'Tt, -mttzitzMa 

±cr,y 3.y-)imm-^'f-Mz^th-^'^-^'^y^^^^t 
%>(,-^n-'j\-{-nz-Mth U y (l:^!f^!ii; tTJi. TiS-ffii 

xU 3 7 ) - ( 3 9 ) x-mtihit-^^m^^htrnz 



[0042] 
[€3 7] 

!>(=0)RK0R^)(0R') 

[0043] 
[^3 8] 

P(=0)R'R*(ORO 

100441 
{its 9 ] 

P(=0)R'R^R® 

[00451 (ie(37)~(39) 4". RM±7xy- 
nn^'ya* ?t{4T;W3df x;l^i-t(4r 5 t'«7> 

i~5o<o;^-(bKsa. Tmmtf^iW^x^yymfzii 

IS 1 ~ 5 0 o^£7KSS^^1-. R^ .8' (4-eix-f tiSlii 

tc*3gs ^SSSCl~5 0<0^^bK^S, 7jcKSi:^^{4r 
v-;^^^ if coSJftSSr^tf 1 ~ 5 0 coM'fl: 

/s.df ->;l/ap(0B^MtJi^7 xr:;l^-^-t 7f-;W^W55=#^ 
IS)tSr^AT'V^Tt)J:v\ R« i:R«<0*Si: ^ U4^^L 
TVi-Ctiv^ ) 

[00461 *%H3<07 X y-/W?a5?:[3I-^J"i=-|*lK*^ 

I.UWb^^^atL.TJi. «fiR{f, p-bHndfi^7x- 
;W*X*yi?, p-t Ka^v7x:::;P*X;l-vyiSi^'j>< 
p-h Hu^j^7xr:.;P*X*yi?i^Xf-;K P 
-t Hodfi'7x— ;i'*:^*yK>''7x-vu. h'^ (p 
-t Kndfv'7x-/P) *X7-f y®, h'X (p-tH 
adfv-7x-;w) *;:^.7'f y^^f-^i^. iix {p-^¥ 
Q:Sfv7xX;W) ;^X7-f yi!7xx;k p-hHodf 
^7x-;i'7x-;P*X7>f y^, p-hKo^i/7x 
ri;W7x:^;l'*X7'f yS><f-;P, p-tFoifi^7x 
::i;l^7x-;l'*X7-f yi!7xx;l/. p-hKodfi^7 
ir.;W;^X7-f y®s p -t Kadfi/7 xX;U*X7 >f 
yl?7^;W, p-hKD^i/7xX;l/*7x7-fyffi7x 
x;P, h';^ (p-tHadfx7xX;W) ^.X7'fyji-^ 
■t-^ Mix (p-tHo^i^7x-;i') 4^:^7-fy 
^t^-t'f fx ( p-t Fa^v-7x— /b) 7^;U* 
xy-iy^^^^ F, fcilTFIEj^ (40) ~ (4 3) 

(42) T'S^ilSfb^fc J;t>'p - 1 Fodf V 
7x-;i'Tn;7.*ySSx7^/P*''i: <t^«fS Lw.. 

[0047] 
[•(t4 0] 
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[0048] 
1^1:4 1 ] 




100491 
Hb4 2] 




1-CHj 



4" 



[00 50] 
Ut4 3 ] 




±IB<05Si (4 2) iZXip^tltit-^tim. SANKO- 

220 (E.m^^m *^'*>o, mm^t&Th^. 
[00 5 1] ztih<oy:cy-)\^in-^'f-{H<,z^t 

[0052] *^DJc7)7 X y -;l^g|5?:|5l— 5)-^ l^tc^-r 
U< . jEClffi L<(ilxiO-^-0.005^;Wt-iib 



[ 0 0 5 3 ] * fc. ilBLTt U y-fb-^!fe'7)4't-t. . 

L i . Na, K. Be, Mg. Sr. 
Ba, Mn. Ni, Cu. Z n*><?,S#{$tL^t>(?)S:ffl 
V'>Si:tt!jivStt<7)|6lJ:^75«:^§<»*Lo. ifL'?>0 
a*>, Li, Na, Mg*>'i:<tC»tLV\ 

[0054] ^^Bflcoa^MiE^m-ri. V yco^SM 
-fb^k UTtj. TE-«yi (44) x-m^titit-^ 

[0055] 
[€4 4] 



R^-(CH2)„-P--0' 

or2 



1 



[0056] (5^(44)^', RMi*«, 

5 O^O^-fkTK^S, 7j<i?aty::tiAo^'ySiit{iT;W 
zi^y/umtfziiT 5 y^Sr^tf^m 1 ~ 5 0<7)M€ 

fia, 7Ki!»*3ttiT;l'3dfv;t'SS:-&tf^mi~5 
Oco^-fbTKSffiSr^-r. R^«4, ^^1-5 0 

^K-zP^^tf^a 1 ~ 5 0 <^)mt^mXi:^t. 1 «i 

±iac7)Rii:LT{4. 7x-/U, 1— 

/I', 2— ^7f•yk 9-ry;'.'JyK 4-h'7x::^/K 

2 - h-7 x *Woixl. . JilfiiOR^ t IXii 

mm. 7j<«, x^;ps, rnhvwa, -^y 

rotVl/S, n-yf-;!^, sec-y^/Wa, ter 

t-yf-;i-S. ^^<olil)I&B^a> 7xx;ps, -^7^;u 

a, BM$it!t7x-;wS-^-^7^ywa, -cHzCHj 

7jtK'ft:ti^'}->'> 7/\^^y-h^yfy. r-bx- 

h ^ y^T-bf-zl-T-fe F y >f 3t y^h'^^'^tf (^tiS , 
[0057] ±ie-^j»J (44) X-miXh^t-^CO^ 
X'h. TKHKjiC (45) T«$iil>-ft-^!t«!l*^f>S*K$ 

[0058] 

[•(1:4 5] 
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o 
II 



OC3H5 



[00591 u(45)*, RHiym. mm- 

-^tJ^mi~5 0<0^^M<«a^^^- Ui lOhcO 
ml±Oil/d±ll':JLt«SicSr^t. l+mJiAOTT 

[0 0 6 0l±iB5);(4 5) <^4«Tt. M*J. Li. N 
a K Be. Mg, Sr, Ba, Win, Ni, Cu, 

[0061] ^W^m^J yoi^m&t-^^t LXli. u 
^r:7i. [ ( i-i-7^;w) ^f-^W^XT^yKx^/H , 

^u] v^^^i^-^i^t':^ [ ( 1 -i-y^'\^) ^i->\^^^^ 
7^y|Sx^/^] ~ ^'J'^A [ (2-:?-7^;u) 

)V) >^;w*;^*y^x^^w] , Uf-'^A ['^yiz/w* 
;^*yKx^;H , ^bU-^^ [/<yi;/^7^x7^y®x 

/U] ^'J 'jn^At'x ['<y:^';w*;^*yiSx^;H , 
xhoy^':7i^t-;^ [/«;yi;yi.7isx*y®x^;w] . -? 
y;!/yt'x ['<yi/'/i-7r>X7f.yBlxf-;H , '<yv/W5l-> 

;l.) ^^y^^XTT.yBSX^^l.] , -f h'J':?^ [4-tF 

i^.^y^hMy. [4 -;?an'<.y>--;i-;h7.*yi?x^ 
,H ^V^)^h. [4-r£7'<>">'>l'*^*>'SS><-^ 
;l.J . -7/4->':'i^t'7. [4-T5 7'^>-^'>^t->-7«^>V 



■^b'J'^A [ (1—^7 ^f-;!^*^*^' 

Kx^;H . '^^A^V'^hMx [ (i-?-7^;W) 
;i.*X7f^yKxt/H . 'J^'^-^ c^yi^yi^^x^y^ 
x^yk] .^V^i-^J^ [A^yvOW^il^X^yilX^/H , 

-^^^^i/^^At';^ [^yi/^^T-j^y^x^/i-] . ^y 

[00621 *%BB<Ofi-&ft!!«S2r«Jft-t«'Slf5»* '-^^ 

I) y'fc^'^hh u y(7)^EtS'fti-&*{is 

[00631 

['ikAei 



R' 



[00641 ((^^(46)4', Rni^ix^tOi 
il^TkJg. E»iCl~3 0WM^t*««*^^. ^ 

{iT/Wn ^ i.;wa?:-irt;^m 1 ~ 5 0 <7)K^l:7K«a2: 
^■t R«{i, 7K«. M^iS^l~5 0i0^^t*Sa. * 

Scl~5 0<O^^l:*3gSSr^t« R^O-ttTii^Jl 

tf, imm^^y^ r/i-n^-h^'ry. r-fer-b 
>f>ry^r-fef-^i'T-fehy^*>'^t'**^''^^^^- ' 

{41ljLh<0SBC, i«{iO*/^<ilW±^S^2r^t, l+m 

[00651 ^n<bco+-ct , Tia-« ( 4 7 ) -c-is 

[0066] 

[^1:4 71 



OCaHs 
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[00 67] (5E)i (4 7) 4", M''*{ina<7)^®;^f-:t 
yim-f. nm. 2. 3*itti4lr^-t. ) 

100 681±IE5C (4 6) tfdi (4 7) W+T-t, 
M*^'/Li . Na, K. Be. Mg, Sr, Ba, M 

[0069] *%BH<?)i^^<0 U ycO^SS-lb-^i: tt 
(i. ^Ji-^yi^ [3,5-v'-tert-'7"f-;U-4-bKadf'> 
'<.'yv;l/*X*>l8xf-/W] , ^h'J-^i^ [3,5-i^'-t 

;W] . -^-hiJ-^i". [3.5->''-tert-7'^/U-4-t KO 
dfi/^yi/^*^*^!!] . A^J^J* [3,5-5^-tert 

/P] . V^^^^jz-^i^fX [3.5-i^'-tert-7'^;l'-4- 

h'X [3,5-v'-tert-7"^;W-4-t Hu^i^'<yx> 
, ^'J'J-^Ab'X [3,5-->'-tert-y^ 

ay^n?i.t'X [3,5-i^'-tert-yf-;W-4-b Hodf 

>''<.yi;;i,7^;^*yKxf-;w] . ^-^'J-^Afx [3,5- 
i;-tert-yf-;i'-4- h h'n^i''<.y 

7xx;l'] , •7y;<f>-t'X [3.5->'-tert-y^;l^-4 
^ [3,5-i;-tert-y^;u-4-t h'odf i^'<.yi-';w* 

XTny^x^/P] . iHb'X L3.5-->'-tert-yf-;W-4 

-t KD^j/'<.y>''/u*x*>'i?xf-/i'] . SiSb';^ 

|-3 5_j;_tert-y^;l'-4-b b'o^ v'syi^^*^ 
T>A [3,5-i^'-tert-rf-^W-4-b ]ia^i^Ky'J)l^ 

*;^*yi?x^;u] . -^^'J':'A [3.5— >'-tert-y 

^;^_4_t HDdf>"<.yi>;l^*x*>-iSxf-;l/] . v 
i^'^sS^-^AbX [3.5- v''-tert-7'^;U-4-b Hodf 

[00701 2|s^BflOSi)cO^Sfi}B^.{i:, 'J y-fk-^ift^OT 
'jy-fb^Wcor^l-Sxn/Atgfcti, T;U5x»^Aa5S:* 

y-fk^!|*!it'J>fi{f!^t^Rl^ti^^T-^j^>'^*^^ 

[007 I] ±mu^'J y{t'k'>imriii~^^i&(^)<^' 
[0072] t^w^mw^nm-mfUti u yit^^W) 



[00731 
('fk4 8l 



R^-(CH2)„-^— ©• 



Al^(R'0-)m 



[00741 ( (iC (48) 't', Ri(i7jc«, ^lai 

~5 0<O^-fbK«S, 7J<Ka^7t{i''^^y'yai;/>:{iT 

-(bTKfis^a^. R*»4. ^isci-socoK^k 

SOW^-fbJcSSSra-r. R'«4, ^Stl~5 

;W;Kx;UiS:-iftJl)i5gSc 1 ~5 OcO^-fbKma^^'t. 1 
{iUXhW^s nifi;0t^c{4U:il±«SSc?r«L, 1+m 

o'vdf i^;ua?£7)fli^)^Jt^^iiS1iji^7 X x;^^:^7 ^ 

10 07 5] ±mcr>R' tlx li, mtli. 7xx;l/. 

2— 9-7yx';;i'. 4-b 

7xx;l.. 2-b'7xx;w:5:kWtf^><xS. ±E«R 
2i:L-C{il5yx.tf. x^;ua. rob 

'fy7°ob;i^. n-7'f-;Wffi, sec-7"^;U 
a, t e r t-y^/l'S, m<7)l^mM. 7xxyl. 
-^7f-;l^. 3im$nJt7xx;P»«?>-t7f-/US, 

-c H2 c HtOHX'm^ti^m^j:t'mwhixh. m 

(DR^O-tlXimtii. ^it-fbtl-f^ty, TiVay- 

3f y-<?>T-fef-;i'T-fe h y-f :ty^i:*^W^ix?>. 
[0076] *^BB<7) 'J y-fk^%«7)T;l/5 X'^zAJSt L 
•C(±, ( 1 -i-y'tii') ;^^yi-*x*y®xf-;i'WT;w 
Sx^Aig. ( 1 -t7f-;w) ^f-/i/*x*yi!«T;i' 
Sxt^Atg. (2— ^7^;^) ^f■^^*x*i^S^■^'^ 
iOT/WSx-^A^. K.y=y)V!)r^Xt^ym:L^)V<DriV^ 

x-^Ats, '<y>>vi/*x*ySSior;P5X'^;i.jg. (9 
-ry>^'J;w) ^f-;i'*;^*yiSx^;ucor;i-5x'>A 
iS, 4 -b h-a^v-^yv^'^i-Tfix^yKx^/wcor/i/S 
x-^AJS, 2->^;W'<.yi^Vi';l->x4^yKx^;UcoT;i/ 
a-T^AJg, 4-:?'nn<y-»+NX*yll7xx;K7) 
r/us-'t'AJg, 4-r5y'<.yi//i^*^-*yiS;<^^i^ 

COT^USx^^Atl. 4-X b=Jfi''^yv'l^*X*yS^^ 
-7-/UiOr;W5X'>AJa. 7xX/^;^X;^yffi?Xf■;^COT 
;l,= ->>AtI^i:'*W^ni.. Cflf>«0*t\ (1- 
-f-y^-iV ) ;< ^-^^;^X7^. yitx-7-;l.c7)Tyl- 5 AJg, 
vVL-^nXThyiSx^yl-wr/L- S x-^ AJfi;^''t < 
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10 0 7 7] ^%m<r>m(^mmmii.. rm-is.-^ ( 4 



[00781 

UtA: 9 ] 



if 



AI**{S*0-)„, 



[00791 ( (5»: ( 4 9 ) R' , mt^ti^tiM 

Si". RMi, ym. mm-so(^m\^mm. * 



[0080] zti(^(o<px-i^. Tie-^ (50) x-m 

[00811 

[^ksoi 




OR' 



[0 0 82] (sC ( 50) * . R^ti. 7K«, ^itl 

tr^mi~5 0(0^'(bKSSS:^-r. RM±. m. 

mWL 1-50 *SSS* tzii7)l^^ ^ V 

;^ai^v:<i;i7^W'-K-^w^^tf^^l!S 1 ~5 Oco»J<« 
mm-t. 1 {± 1 l-XtKOm, mitottiii 1 tuiwua 
l+mti3t'*l>. m*»S{±^^a^^^>;l'^ 

[00831 ±ie<0R3 i: LT{i;«?y^tf . ^KS, ^f-^l- 

s e c-y^)Vm. t e r t :SM<73 

Bifl)5i^a. 7x-;wa, -^7^y^a, am$*T.^>:7i- 

[0084] ««t1W 'J 5 :^'>AtIt L 

T , 3, 5- i^- Ler I - 7"^'U- 4 ■- 1 K n ^ -Xy i^'/U 
^^'sTh yi?X-7-;l.'«or/L- i nr'/y^js, 3,5- i>'-tert- 



yl/5-n'i=.tfi. 3.5->''-tert-7f-yW-4- 1 Fo^j^ 

5- i/'-tert- 7'^;l--4- 1 Fa j^O-'y/P*-^* >' 
K7xX;L'C0r;l^SX'>i^^, S-S-i^'-tert-yf-yW 

-4- b h' i^'<.y i^vw*x* yigcoryPS A^g 
■f-;i/-4 - h K x'^y v/u*;?.* vKxf-^i/coT;!^ 

Sxi^Aig. 3.5-i^'-tert-yf-;l^-4-t h'a^Jf i/'^ 

[0085] *%BB-C'{±, U y^b-^it^Jt fCP-0HS^5: 
^-^< i: t,-owr.S 'J y•^^:^^S!ISrfflv^l.:: t 

^^l*ilcp-OH$r^-^< k t-oig-t^ 'J y'(t,-&!H!it'$>ix 

ffli, ■>!) k i$JMeO[&)±xl)m*':^ & < iff * U V ^. 
[0086] ilEltJt U y (t,-&'-t^!)«04't-4, , "^Wmnk 



: 0 0 8 7 1 t^wncr>m^&nm.^mi^-fhp-om 
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(51) X'm^ti.&it^i}'i^Mi^tlh'>^j:< t i>- 

[0088] 
C^k5 1 1 

C) 

{ 5 1 ) RUi*^, ^iiCl~5 0(7)»K 

;K 2— 4-h'7x:t/W, 

x^;i.a, roU;i/«, 'fv 
rah";l/S, n-y^/WS, sec-y^^WS, ter 

0 H f*$ni.»>5:i:>W ^>ixS • 

1 0 0 8 9 ] ±ia t/i 'J >"fi:^!t!!i<o+T'i> . ^#^«i5i 

[0090] P - O HiH-^^:'J'-^j:< b 

■rs 'J y\t-^t t-cti. ( 1 -- >ii->\^t^^ 

* yagxf-;u, ( 1 - ^ 7 ^yl' ) , 
(2— ^7^;^) ;<^;i.*;^*yKx^;i^, /<.yi/;W* 

) ;< f-zi-*;^* yi!x^;p , 4 - h H ndf y 
Tj^XT^y^x^/i/. 2-p<^;Kyi^'/P*x;^yKx^ 
4 -^'aa'<.yi^;w*;7.7t;yK7x— ^i-, 4-T5 

[0091] ^ ?t*%0flTfflv^^:.ixl>»t Lou y^b^ 

t Lv^'J y'(k-^!t4)t:'J)I.P-0H|*-^S:^-=Sc< k t-oWt 
|,!t*5gWU y-fk^iTJ^tfi. TiE-^3t (52) -C-^$ii 

[•fk5 2] 




[0 0 92] ((i^(5 2)*. RKRHi^tl^i^ 
{±7;U3=^>';HS:-^tJ^Stl~5 OW^-lbKSa?: 

[0093] ZMi^^Th. TU-m ( 5 3 ) t-a 
[0094] 

[^1:5 3] 




[0095] (5^ ( 5 3 ) Rm. ^^1 

-soco^-llTk^*. *K*^^ci±r;i'3^fv';w«?:^ 
3f D^^s/;w^ioliS^jS^^ii«^tS)S^7 X -jv^y 

[0096] J:SWR3 b LXUmiH. ^ 
a, xf-;uS. roe;i^a. ^yrotvus, n-7'f- 
sec -T'f-ywa. t e r t -7'f-/l'S, 

f^mmm. yx-j\<m. -^7^;^a, ffiift$ix^7xx 

;l/a^7f-;l^s -CHzCHjOHt'^Sii.&S'Sri:' 

[0097] *^%8^c7)P-OH^-&5riJ'^^< 1 1— 3* 
-ri>WS<0 U y-ft,^ t LTJi. 3. 5- i/'-tert- 7"^ 
;U-4-t h'o^ v<yi/>*7.*ylxf-;u, S.S-v'' 
-tert- 1 H o:3f i^'<.y 

Ti'.XTi-^ym yrot:;u, 3.5-x-tert-7f-;w-4- 
t Fo^'>'<y>>';i^*x*yig7x-/U- 3,5- v-'-ter 
t_y^yl,-4- 1 Ho^>"<.y>''yl'*X;i-^yiS:t^' :5'r 
i/'/U, 3.5-i^'-tert-7'^;W-4-t Fo^->'^yi^';l/ 
Tt-xH^yig^t^W'^^ix?'. c:ix<^'^4>t-, 3,5-i/' 
-tert-7'^;l^-4-t Kn^>-'<yi'';WTt:7.*yiSx 
f-yl^, 3.5-i>-tert-7f-;U-4-h HD^>-'<.y>'';l- 
H;7.7hyiS^^^w*^k < 

( 0 0 9 8 ] *7i tvvj y-\t^'^t LXii. -ft^^ ( 5 
4 ) 'CJ^<bt)$fL.g.'J y-fl:<tW;^W'^>i'i.&. 
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[i\L5 4] 

(5»: ( 5 4 ) ammwi i ~4 gcomit^i^mm. t 

{4T5 /aSr^ty^SCl~4 9<^K^t*Sa5:^U. 

R2 , R3 (i-e-ti-e^hitei . 1 ~ 5 0 co^^bK 

tfc, 5gtl«ftL<{i. -(1:^5^ (54) 4'<?)R',R2.R3i^ 

[00993 *f6BHKfi6ffl-f S U V-lb^tK^^flsW^W 

[0 100] 
[its 5} 

O 

^-CHz-P-^OCaHs 



[01011 
Ut5 6] 




I 

OC2H5 



O 
11 



[0 102] 
Ut5 7] 




CH2— OC2H5 
OC2H5 



o 

CH2— p— OC2H5 
OC2H5 



[0 103] 
Ut5 8] 




CH2— P-OCzHs 
OG2H5 



[0 1041 

[■(1:5 91 




[0 1051 




0 

CH2— P— 0C2Hg 

OCijHs 



O 
II 



-CH2— P— OC2H5 
OC2H5 



[ 0 1 0 6 ] *iiBHtfflv^i) y >it^mt. ^ 

[01071 :^mM(r)m^tmmm-t^mif'mt tv^ 
Kij<?)y >"(i:-&ii^t4. Tffi-«i^ (61) x-m^tihit-^ 

[0108] 

i-ftei] 



(CH2)„-P— OR* 
OR* 



[01091 (±!e*(61)4', RKRm^ti^ti 

wzAim. mwL 1 ~3 oco^-fbK^asr^f. 

^KKaiJtJiryl'^dfv/l/^Sr^tr^lStl- 

v\ ) 

[01101 iMi-m^ (61) otfT't,. Tia-is^ 

(62) Tm^iXhit^*^^'Mm^fil'J'-^J:< 1 1)- 
[0 1 1 1 1 

[-(1:6 2] 



H0-\^CH2 -P— OR' 



OR' 



[0112] (±§£5^' (62)4', R\ RMi-en-fil 
ifcit?^*. M5iliai~5 0<7)»t-fbK-Sffi, ;'Ki<ii*Jt 
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ijiv", ) 

[0113] ±fEc7)R^ , Fi« t LttiMi-tf . Aim. ^ 

[0114] ^%moM^(7)V yft-^ftt LTJi. 3.5 
- ->'-tert- 7'^;u-4- b H v"<y y 
Kv'M yrntr;!/, 3.5-v'-tert-y^;W-4-t Ho 

T^-;W, 3.5-^''-tert-7"^;U-4-h h'ndf i^'<>'>'' 

X\ 3.5-i/-tert-7'f-;W-4-t Ho^f S/"<.yy;W* 
;55.* yKi^':*^' ^'Ti'/l'> 3,5- v -tert-rf-;l^-4- 

[0115] *iiBa<offl!i^tt!««iffl-r 1.**^* tv^ 

yit^Mi. (63). (^1:6 4 ) x-m 




[0 116] 

[ite 4 ] 



HO-Cj—CHj—P—O- 1 Cb** 



[0117] 'J Wb-^Srflfffli-l. C fc t J: 

[0118] *^BJ10U IX li, n 

htlh^') XXxyK7>-K'J *y^*>K(S.:5^•<7)^fii^£^- 
•:/ h<7)^/l/8icC« LTO. 0001—0. i=e;u%*W^ t< , 
0.005~0.05^/t'%'CJ)l.v:^*-'$ u >- 

•fb-^^^o'^>SSnl:*^'o.oooit;i/%*>l'Oii-^i:{i8?.^jii^&-5li 
•/)^%^■i■$i^^v^*8•&*^^) 0 , 0. \^)\^%i^tX&t 

tlW)^^'h1, 'fiOffiTcjtfil^U. TA'S-'^ACM-Ji 



[ 0 1 1 9 ] 'J Wk-^S-ftffl-ii-f . T;W5-'^A^k^ 

[0120] intf , iacO^^gcO-lb^jSS: 

-^J^b LX<omi&i}^J''-&X'i>-\r^^j:fm^i:^t 

(DmnM(7)^X'^(D7y^'f:y'{b^. i-^yit^ 

aLXr-fm-^m^tm^^h^x^Lxij. miM'^ 

[0121] ±M<Dmi. r}Vij 'j^a. rtvij 'j± 

x:hh^tmt\.^^. tfz-ux'. *%BB^-^3v^■rr 
;l.5 -'i/i.t, L,<{i-?-«0'fl:-&!K!itj!lPlt'>ft<?5r;l';^ 'J 

SiJ'-^r< fc t ia&^2^S#*)t^i: fCft#S-«:l> 
^fc*^'ifttv^P«T'J)l.. *>*^l.m2^R-&^rjS^S: 
j!!afil^J:«»S-ti:i.-fcti. i;x^^y/';3-/K7):i 

[0122] -'>i>.^l:-&tli;T;l';^ U#m^t-&!H) 

■fk^ftSrffiffl Lit t # {±'eixlcSB-tl>^ftft*^^< ^ 
'jttht. n^ixfz^ 'J xxf-;K7)g!®^tt, ^^-fkS 

7\-: ') jiXTJumm-l±^'J/})V^'y^^~ -y 

)i^i,zntx. ixio-H:JLho. it/i-%*)rc?;i. 

Cfc;&^'ffiL<. J;0iT^L<(±5xl0-«-0. 0 5 
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^)U%Vh^,^izmL<it. 1X10-5-0. 0 1 

mj.±mmt^j:hm^ifi^^-tt. M*n x i o-«^ 

1012 3] *f|BHCt5<'^Tr;W5-'>ixiL<{4'?-<0 

{S. Li. Na. K, Rb, Cs, Be, Mg. Ca. 
Sr. Bai)>hmW.^tlt'Jf^j:<bi:jlMX'hhZtti^ 

•tr. :|#lCLi, Na. KO«ffl3!)«»*U\ Tt\^i)')-k 
m7)Vi]')±Mm<r>\t'^M>:.\^X\t. itL 

i^A)\^^^ym.. m. m. uy®. 

1 -ray^•yx;^5^-^y®> i-'<.y^'yx;i/*y 

-7-0;K=3fi^, i so-ro--K^v. n-T'b^i^s t 
7mitWj:t'iJ^^''^^ti^' Z.fih<D7)Vi]')^. 7 

m^^icriiBLt < \^^m^hhfzi^. Mmx-m.-^^ 

Slt^ < ^rl. t h 1 1;. a-^ t/i'i^ XXT/Ki«fe t 



[01241 *fSBBtffiffltl.5K 'J x;^x;Hif!:^^tt 
/N-^^-:? (TS) tTFIB^ ( 1 ) i:mti.-tZtmt 
LW 

( 1 ) TS<0. 30 

tifiL. Ts\mm^ ( [ I V] i ) ifimo. e 5 

dl /gcOP ET 1 g ^XSS^ttAni 3 OX:X' 

1 2mMmikUzm. i^mmmw-mmrx'soo 
'cizx2^mmmiz.mLtimmmm ( c i 

V] f ) ii'k. d3SHzX'0sfM^fl?>^MX'h^, 

yizmt. mt^mAt:5mx}Mmtfdk^z 

100Torrfc^ri.J:a t^SSriJA IXmtti^ 
MX'hh, 

TS = 0. 245 { [.IV] f - [IV] i 

-1.47 } 

rsii. 0. 2 5UlTt'J>i.-i:*^J:0»tL<, 0. 
2 0aTX'h?>Zttl'^izMtL\\ ttz. :^mfizm 

m^^'j^^TMi. m^t^m^^-^^^-^ (TO 

S) ifrti^ ( 2 ) i&?m:-r^i:*^»* tv^. 
(2) TOS<0. 1 0 

ilB^*, TOSmWM^Lti I V*5*!jO . 6 5 d 0 
T;T' 1 2 B^r^KSS^ Litt<7)0. 3g$r*'7 xtm.'s 
twAti7 0°Ct-l 2Wrai/g<0PETW-vyf-'yr2r 
J^«S>?^L-C 2 0>< -y i^juiaT<Ol»*i: tT 1 3K^^ 
^iU/if^, i^VA^/i'X'^mtfz^%TX2 3 0'C. 1 
5-5i-^Jlll^Lfcf^OI V5!)>A>> TidttS^Srffl^^t:**^ 

TOS = 0. 245 {[IV] f 1 [IV] i 

-1.47 ) 

[ I V] i aXX/ [IV] f 1 ii^ti't'titv^UMm 

tMmm.m<r> i v ( a i /g ) mt. 'j :<?y/i'T 
$^tSiUzmfs.Txiimmj^tLx\i. mm. v'j 

m Lt:m%Txi\mt^iimm^^x'^ & . t o s (± , 

J;'5lff*t<t±0. 0 9mT- ^(,izmt<liO. 0 

saTxh^. trz. ^m^zmmhn^'):^^Tii^ 

{i. mmymnmJ-<y:^-i' ( H S > AH^E^ (3)5: 
(3) HS<0. 10 

( H S(S?gl4S^LT»'^^ixl.ll*«iK*^*^0 ■ 6 5 d 

i/g(ls:g^Bii: [IV] i ) coPEr<n^yr^(% 
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ma-^LX 2 0^ y ->aOT^om*J: 1 3 O'Ct- 1 
2B#FBmSl^^iL/cf^, "tCD 1 g 2rl^ 1 0 Om 1 

HS = 0. 245 { [IV] f 2 -1.47- [IV] i 
Mi. H^Ux;^T;^^7)^^K'^-^^a (Haze) *mE 

5»: (4) mt^tztm^tw 

(4) Haze<3. 0 (%) 

l.m'^ .Haze {iiSmS^ tfv:lll^ffi«*^'*«J 0 . 6 
5d l/gO;KiJx^wyTV75'l'-b (PET) U 
i/yf-'y7'*p-7on7xy-/^/l . 1. 2, 2- 

^h5^'oax:5'yc03/lM-&jS«E (**it) 
LT8s/10 0mlc^?i?gfct, ^-X^-rJ'S-fflV^ 
•Cffl^t^ffiSrS^i". H a z e<Oji^(i, ^>^^ 1 c m 

ff)^)vmmL. iMmm^^mirm&Lfz. Haz 

1. OiJJlT-C'S>2.. *^BB^=^5V^•C. TS. TOS. H 
S. Haze^jiSi-?.^Ci^l^<Sffl-t^PETVxy^ 

•yr<0}l^4^tfc U-Cti. mtit^ ft§*«J3min. Kg*^)2 

±. i^^niuzi h '^fcMWh toii-mmttxh h . 

3 rrirn , iltSf^ 2 m rntf')i- U yf-MW)^ 

/ncM tt 1 0 ppx(im<^)&x'mntm»^ L''' 

Patent provided by Sughri 



*%BflCJ;^{f#'^>tLl.3KUxXT/l^{4. fits 
^nacT^Jirri.-tti'), #A>ixi.!Kyxx7^/i' 

[0126] a^^ivHt-^t ixmmmii^j:^^ 

[0127] zi/i!\^hit-^<^1inSii^ SSfWC^f 

co^lt*^'5 0 P P mOT*^-^, n A/l-hlS^ti 1 0 p p 

-^^AS^-t a>'N';l'MI^O-^*«4 0 ppmVXYti-'O. 

:i'!7AM^ k 3>'^';^^ll^W^tW2 5 P p mjy.TA» 
a/^^WhlSTOSppmmTt'S)!.. jKUxxt/W 

(7)-&lt*^'5 0 P P m J: 0'>-=S:V>:i k . ^^'"^^^ hM^*'' 1 

0 p P mmTt'S>i. - k*w* t v\ tfc. +mm 

^c7)-&t|-ft**0. 01 Ppmj:i9^V^C:i:*W*tV\ 
[0128] *5^Bfllcfcttl.jKUx;^f-;l^J«OiJjtl^ 

fflv^<c.nl>;K'Jxxr;^fi^«±. jaaik L-c*^HB<^ 
imr^iii^-^^oztipx'^^. mm. petstsj 

jii-SJi^ti, r^7^7l'Kkx^^y^^'J3-;l.i:co 

mi^^ k'«OxV 7 ^ yUKcOT/l^^^l'XXx^l'k X 
^l/y:/Un-^l^k<^x;^x;l^^^J5S:ff-5>tfl^> * 

[0129] *%BBcoW«(i. a^RJS^0^=5r'^-rxX 
WTA'=^'l-x,XT'Ukx^^y^'''J 3-/U^kiO;/'J 3 

i^_i,zm-^-^x^wn<^)m^.^^^''^^~ thx^ h . t 

e Mion, PLLC - http://www.sughrue.coin 
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t J: o 1 1 ;K 'J xy^T-iVm^^mxzn Lfc^i^ 'J xxr 

[01301 *^Bfloa^i«t±^ n^Km^M-m 

[01311 *^BBc7)a«S^Jitjiiogfe!)n*}*{i. w*« 
tt<^i--^«"^'^^^''■^'*'''■^*'•^^'^' ^^^^ 

[01321 *%Hfl<?)a^tl!^«i^ T>"7-^ Wk^'H!), 

[01331 ^c/i ry^^wk-^ii^t LXi±m-^t 

50ppinliilT<Oftt:-»I^«gt'S>l. . J: t < {430PPB 

[0 1341 "f-^yit-^^t LTtifi-^tTti'iixl)*^ 
U t'C10ppniKilT<^«Effl"C'©)Pt&»*^XfilT 
J:0»it<l±5pp«a^:).T. $f>lC»*t<t±2ppm 
UlTf^ftt-ISJo-r I) ^ TJ) I. . -7- ^ y 0-^Jafi€r IOpp 

[01351 y>\.-7~^M\L-^1^t LXm^^ tt 



[01361 *|6BB(0«^fi!ltiE*fflv^t:jK'J x;^x^l.Sr . 

a-^-tsf^wi. ryf-^wt-^^?!), ^i'y\t^'^~ 
^Mt^. 7.x\i^m\mx\i2m}±mx'^ 

[01371 *f|BBTfflv^^h.sry^^ WL-^. ^ 

[01381 ftftcWtJi, ryf-^ry-Wi^t t-C{i> 
HlHtry^^y, ^mtry^'ty. mmry^^ 

[01391 ifc. ^:?y^t^kU"CJ4rh7-n- 
[01401 ^LT^^;l'V:::'>A'(t^i: fCti-K^t 

[0 1 4 1 1 ifc. xXit'^b tx\i. 

^^■9-x^;l'i^';?.X5j-^-t-f bUx^^W 
^■'f'fH, h>J-<Vyf-yWXXTff—b> i''7x-/l' 

[01421 *%BHtSa^'Jxxf ;^i:{4. 
yl!S:-^tf^*^t"l^>'i?fcil^'^^^^^^'^^^*^ 

^fctit h-o^fi^;<?/W5}^yMfcJ:t^^ 
[01431 i^;!/;w^ylgi: tT i±, iii?. -v-n y^, 

rj^N^'M, ^}v^mL. T'j\^ym. 'J y®. 
vyM. r-b'7'fyK, -b>'-<->y®. f;<?y>'':^^i^*^>' 

Hx*yv7!7/V'd<yM, f-b77-':^yi'';<?/i'*'y 
gj^ /s.d^-9-r77y yl.H<yi5S. 1 , 3-i^^'ny^'y 
=JiiiUi\iym. 1 . 3-v-^'a'<.y^'y->';?/;i'=f>yiS. 
1 ,2->'^n'\^-9-yv;!?/l'*y@S. 1 .B-vJ'D^ 
Jf-tf yi^T^yl'jKylS. 1 .4— >^'n's.df-tyv';^/l'7ny 
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1.4— f7:5'U'yi^';^;i'jKyK. 1.5-:^ 

7^'Wyi^'j^/l'5l^l^K. 2.6— ^7^'Uyi^'*;l'!K>' 
2.7— ^7^'by>-';*;l'jKyK, 4, 4' -h'7 

x~)V'=J^)V^^y1^^ 4. 4' -h'7x-;l^X7l^*>'x 
4. 4' -t'7x-;L'X— f;l/>'';<?;l/;J<y 
1.2-b*x (7x/^>') x^y-P.p' 

i,zm^^timmmy^)Vif^ym.td,t:iti^<r>3iXT- 

fc J:l'f■^7 rJ' y < 2 . 6 — ^7 ^ U 

[0145] :itit>'y:^lV-:¥sym:^^<r)^Ui])V^^yW. 
tLX. x:?>'h'J;</;l'*>K, 7'o>''«yh';;«!?;l';J<y 
1!. ■:r9y^\-'yi3)V7f^yW.. tfo;<'J'yM!. h'J;< 
'J yhS, hU^i^y®, 3, 4. 3' , 4' -h'7x 
~)V'fY7i])Vi^^yW. t>iUfC:tL'b<?)x;?>^/L«fiK14 

[0146]^'; ■3-)Vb LT«x^V y ^^U 
U 2-7°ot"^>^^'J3-;K K 3-rotr^y/ 
"ja-yu. i^^x^uy^^'J hUxf-u-y^'U 
1. 2-7'-?-l'y^^'J3-;l/. 1. S-yf-L' 
y^Un-zU, 2, S-yf-Vy^/'J 3-^1^, 1.4- 
7'^ixy^''l»3-;i/, 1. 5— '^y^'yv:t-;i's ^-Jf 
'<yf-;l':/D3-;K 1 , 6— ^'^f^f yv:*- .'K 1. 
2-i/^'0's^-tyv:t-.'U. i.3-v-^'a'\^-9-y 
=yi[-)V^ I .A-i^9u^^^y'J-:^-)V^ 1.2-x 
^0's^-tyi^'^:5'>'-.'^. 1.3-v'^'o^^-tyv 

^^y-;i/. i.4-j^^'o'^^-9-y->'x^'/--'i'. i. 

4— >^'o'^^-ty->'x:5'y-;u, l, l 0— f;*;><-f- 
vy/'j3-;i.. 1. 1 2-HT;{?yi/'^-;P. ?K'Jx 
■?-^y^»j3-;w. M);'<^uy^^'J3-;k jK'J 

r b ^ ^ y 'J t'l::^'!^^ ii2,Btroi^/U 

th'CJ^yy, 4, 4' — Ha^i/t';^7 
xZ-yl-. 1.4-fX {/3-t Fa^-yxb^rv-) 
y 4fy, 1,4-h'X (y3-h FD^v-xbdf>'7x:^ 
)V) X^l/Tj-.y, fx ( p-t FoJfv-7x:::.;l') x-f 

fx ( p-t Fn:Sf.i^7.T.--A-) Xyl/T^y, fx 
(p-t Kndfv-7x::^;l/) ;^^'y, 1, 2-fX (p 
-\LY'a^'yy x=-iV) :r.^y, fX7xy-/t^A, f 
X7xy-/UC. 2.5-t7^l'yv7t-;W. Cli-fb 



[0 147] >iixfeo^''J:3-;i^<7)d*>xf-^y/'J3 
-;K 1. S-T'ntf ^y^'i)3--'i'. l. 4-7"^^ 
y:/ua-;i/, i,4-v'^o'NdrH?-y>''><^y-;p3&* 

[0148] ZtL(:,'/*J a-)VV).^\-cr)^mT)V-a-lVt 
LX. M;>^D-;l/^;J'y. hU^f-P-^Ux^^y. 
MJ^f-a-;l^7'PA-ys -^y^J'xUXU h-;!/, ^^'J 
-fea-;W, /\df-9-yhU3r-;l''5:t>W'btll.. 
[ 0 1 4 9 ] b Hn^>-;{7;P;KyKfc LTtis ?LS. 
xygt. 'jy::fi?. am hh'odfi^m 3-hK 
n=3f-S/iSi!. p-tHa^xS,i.#l?, p- ( 2-b 
h'ctJfi'Xh^i^) ?c-S#Ks 4-bHn=ifi^i^^'D'^ 

df-9-y*;i'!KyK> ii/c{ic:a(b<oxxT^ujg^eiS^ 

[0 1 50] S*^xXT-;l'i: trti, e-;*rn5^'b 
/3-rob:t7^'hy. j8-^f-;l/-/S-7°ob;t7:? 
hy. ff-/>'Wo5^'Fy, ^ynUF. ^^'•^H^ri: 

[0151] ^fiffi;«?;l^;}fyStL<{ibh'Ddfi^;<7/l'*: 
yi?<oxxr;i^fiSttiS#i^£fc ttti, ^^i^.<or;i'='f 

I.. 

[0152] 3|s:%HBT'ffl»'^f>iXi>*f 'JXXT;Wi±fc5 
S!^^*^r W 7 ^';H!i^;ttt-!-<:OxXT;WKlS;tt^* 
t U < {i-^7 ^' u y >'';!r/P*fyS!*/::«i'?-<^xxx;i^ 
fiSittiS«*-c-J) •) , i/;: 1. 7" u 3 -;PR£^^*^'r;i'^ v y 
3-yi/-C'J>l>^'Jxx7';i'*Wt Uv^, 

[0153] ±yil.i?jS^*xW7;5';HI*fe{i^«0X 
xx/i^fi£ttMSfr t L < {i^7 u y /P;i-:yi?* 
fc(i-?-wxxr/weB£14f^«*-ej>I.^Uxxr;l't 
{i, ±W.'^%^zMLXTVyi')V^ttzki^<nJiXr-iv 
m^'&^i^ti-y^\^y>':^i^^^y^ttzm<D:iix 

%JjLh-irW-ti.jKUxxT;wrJ> 0 . $ ^t^f 4 1 < 

[0154] ^tzhVO ■3-)V^%1fi7)V^Vy9'^} 3 
-;UTJ>.?)*''JxXTyl'i:ti. :t^^'J o-iVsm^znL 

|>d^UxX7^;l'T'3bl>::i:*Wt t<, J:'3»*L<}i 

•ff ^ r;u=^ y ^" u ^ -Mi. ^^iHa+icS^ia^Bi 
[0 1 5 5) 3|s|&0Jit••fflv^/^^-L§^7:?^-yy';*;^+;y 

^tfz\,i^<r>:s^?^T'}VWM%%mWh LT{±, 1 . 3- 
•fy^vy-JtiiviYsy^. i . 4— ^7:?^yv:^/^.t< 
yiS, 1.5— ^7:?i'yi^'X/;i/.-Kyi?. 2.6— ^7^' 
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[ 0 1 5 6 1 *%BJJ-C'fflv^<?>ix«.r/w^^^^^'J 

y}o~)V K 3-rafU>'/'J3-;W. K 2-7' 
f-vy^^'J:i-^i^. K 3-y^V^i^'J3-;K 2. 

;W l!6-'\^-9-yi-''l-- >K l,2-i^^'a^=5f-9- 
yl-'it-zK 1.3-v'7a^=3fir>->''r-;l'. 1.4- 

e/^'oA.:i?-9-y>>'3r-;w. i . 2-i^^'o'^^^^yj^'^ 

yj;x^y-;K 1. 1 o-f'*^^^i^^'-^='-''^^ 
1. 1 2-HT;!7yi^''i--''^^*'*>^^^^^' 

[0157] 'JXJ^i.T-^l'k Lr«±^UXf-W 

rpfwyrv^^i^-v. (1. 4-5/7 o'^^-y- 

yi/'^-fl/>'TV7^'l/-b) . Hfjx^uyr>-7^'V 

^ ^ ,j X ^ y 7 ^ U - K ^5 i C: (^^^fi-& (4=*^' 

[0 1 5 8] ifc. *%BBfc*3ttl.4?'JXXT/WcO!ll* 
tt)g(iO. 4-1. 2cl l/g-CJ)l)^i:*W*L'<^ 
0 4 d 1 /g*}i-C1±4fJx;^-r;u}SSii*fc L^>:iSfO 
^^l=Xttl.«3ttl. 2dl/g^®tl.^'J-7-S: 

ri:=SrO»*t<=5rV\ J;i9»*t<{±. 0. 4-0. 
8dl/g. $/^tC»*L<«±0. 4-0. 7dl/g 

[0159] *€Bfl«0;K 'J XX-r^l/i^^tO-t < < 
t-^5r^f)St.S.^UXXr/l-iSS<i®S<^^^^^ 

I, § h\,z. mmMi'yts:< 1 1 2aah«sfefett 
I.. 

10160] 

[0 1 6 1 1 WT. *5ffeQ;]T'ffl>'^^ciM:'J-S^OTl-^=: 



1) HW'ttJS (IV) 

df'jxxf-;w^7xy-;u/i. 1. 2. 2-^b77 

?§S3 O-CiCTffl^Uc. 
[ 0 1 6 2 ] 2 ) iiS^tt^'?^^-^' (TS ) 

^§ilrtt-&t^IV!!/«i|!*lO. 6 5dl/g (jg^tS^BU; 
[IV]i ) iOPETUi''>'f--y7°l gS:*'-7;^lfi^'S 
icAtLl 3 0-C-Cl 2I$SKS«eJit/cf^, g^Siim 
T-C'3 0 o-ctc-c 2i^rai§il!^i^*S^tfc^<o I V 
(igStKiift ; IV] *^^>^ TiattS^^ffl^^-C* 

8-^4 9 7i;i 9 9 0^) *>^)^lfflL.fc. 
TS=0. 245 { [IV],2->-" - [IV]i 
} , 

[ 0 1 6 3 ] 3 ) m.m.'Ml^f'^y^-^ ( TO S ) 
}§Ual-^tfcIV*«*«jO. 65d l/gWPETV'» 
^•yr^?$<«»m^l 3 O'Ct'l 2SfFBmSI£«tfct 
COO . 3 g S:;!77Xifi®J^t:Aix7 O'Cf 1 2iefra«S 
laiUcf^. i/VX?y/K'^tA:^T-C2 3 0X:, 

1 5 ^)-^afit^f^«^ I v*»i?> . ±ia LfcT s t in tT 
lati-lt^^fflv^-r^i^^c. /i^iL. [ I V] i 

[IV] ,,mti^tiimmmhwmmm i v 
(d i/g) 

TOS = 0. 245 { [IV]n ->-"-[IV]i 

[ 0 1 6 4 ] 4 ) i«jn7K^^fi*e^'^7>-:5' ( H s ) 
Sim-^tT^I WcBWttS**f^O. 6 5 d 1 / g 
(Stum : [ I V] i ) wPETl-i^'y^-yrSrm-ffitc 
iOJ^^^J^L. -?-C01 g2:*iE^l 0 0m 1 t^t-t'- 

;;^-tcAn. ^MzLX 1 3 ox;ti)Pii. inEt/;* 

ftTlceiSf^tfUc. SS^^PET^^'PV^TI VS: 

fJSL ( [ I V] , OT«o^t^J:0ii3n7l<i^»tt^'« 

(HS) 5r^*^:t. 
HS = 0. 245 { [IV]f2-i-«' - [IV]i 

-1.47 } 

[0 1651 5) Hv-riV^^W^^^—^- 
b) 

Sma-^fr#'c>il/:: I V*^*^0 . 6 5dl/g^OPE 
T^■>•yf■-y7•S:fflV^. feUH- (K^mfe M) Sr 

^ y?rPETC0iSB!t^tMttTV^^:yS^t 

0. 0 5mol%1$fflLTtt^L/^PETc^bfi5r§|v^ 

[0166] 6 ) (Haze) 

V*^i^0. 6 5d l/gWPETU-i>'y 
f- yr?rp-^'aa7xy-/V-/l . 1. 2, 

8 g / 1 0 0 rn 1 WvlMfc U . B*mfeXlll«3ft Jttffi 
jglt-N D H 2 0 0 0 Srfflv^-CK^St'PJ5EL•'t « •S!l5E:frS 
ii J I J 1 S - K 7 1 0 5 tcr<0 - 1 c rn 
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5^ (TT) i^n^ 

Haze (%) = (DF/TT) XlOO 
iOHaze (%) Sr^i^/c. 
[0167]?) IS^B#. E#ii#fcJ:t^i^B*<^^^tt 

O : 
X : 

[0 16818) «t<7)fi!clBr5Siee. fiBSM*^ 

0 c m. ^' ax^'v h'Xh- H 2 0 0 mm/^a-lCt . W. 

[0 16 91 9)l^l6 0'ClCt5tt^<Riffi^(SH 
D) 

m-f ^<^$L0 (.mm) t:m^tl.d:^^'^'±M^ 

/ri^T-y^^y^) mmt:WtirC^<^^l^'i- (mm) 
* (SHD) 2ricai-r'?>. i^. Hgti5iai^TV\ -fOT 
SHD (%) = (LO -LI ) /LO XlOO 

[01701 (mmm i ) mmm<^vm^~f'- 

TT/l'S-'^-^i^'PfcL.'^O. 015mol%i;7x- 
;W*X7hyi?v^^;W«01 0 g/ 1 iOX^Vy:/«J 3- 

L,rO. 0 3 mo 1%. i5i:immv^^~t.zji(.mm5 

0 g/ 1 <7)X-?-Wy/U 3-MM$rKR!c,-55'-t->^l-T U 
>V AJI^ k 0 . 0 2 5 m o 1 XMtX . M^SH 
^T«J»=-C 2 4 5-CT' 1 0 ^J-FalMtf t/i, <X^^X' 5 0 
^ra^rSbX 2 7 5°CST#?ab'5'^KlE^«^ffi:^S:*S5 
/?tcT(fC 13. 3Pa(0. lTorr)i:LT$^> 
1 2 7 1 3 . 3 P aT'ttii-&S;<C$:ff-2Jt. 
[01711 ,-K'jX^l/yf-l'7:5'V-b''M V*^0. 
6 S cl I / g iCiWI- t X izm L^cifi^B^RBl ( A P ) 

[ 0 1 7 2 1 ±ii<^Mm''MZX'i^hix-tz 1 VAi 
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)02-2 12833 (P2002-212833A) 
0. 6 5d l/gc7);l?i;xf-^yT-W7^^-h^^S 

xmmum^'^i^^mi&^j-^y^—^ <ts) sr*J6 
Tsiio. i8t'S)0, m^mtmx'h-otz, 

[01731 fiBf-yr^btTtPETUi^^S-Sffitfi! 

j^y:;^-^ (TOS) S:*tf>3t. TOStiO. 07T'S> 
0, *%BHcoaiB^MiSE$-ffiffltT#W^PET«^ 

[0 1741 i/i, fria^-yT'ftUcPETVj^-ySrffl 

/c. HHtffifi^ 'yrMLfzPETWyyim\^xm 

^-Xfi(Haze) ^««)3t. HazeliO. l-C'* 

[01751 mmm^X-'^hlXtzPETWJy^'vr^: 
?a@lf*, ?LgO. 2 4mm*<0* 

^jy^Xil 8m^-tm^D±i)-h28 8°C-C-tttB$ 
•ti:. ^ffitlMoTJ^ffl. ^-f U y^fS. 3 0 0 Om/^)- 

t^, T^a-5-80'C, -byViatl SO^CT'l . 6 
5tetcMttLT3 0r>-T-y:?X. 187'f7^yh<0 

;Kijxxx;i-®(**5r#/c. m^<^miimmi±e%x' 

-:&^x*fcL.T7^o-^-8 0X:, b-h-b 
<yM.=5rV^t:'l. 6 5<glc®fft-C3 0TVT>y?X. 

^m^i>i2o%x'h'>tz. ^ti^ix(o^^^\^mt 

5 0 0m/mi nX:^ y^l'-Xfmi'^T^K 6 0Ti^ 
f y X 3 6 7 -f 7 V b<0'-K 'J xxr/Wjg«*Sri# 

fc, mtixxmm-c^m'miimzmx'h^. s 
[0 1761 (mmm2)mm^mttx7)v^=-^ 

3-;l'^?gS:5jf Jxxr^l'(^3<oK^^)"t*fL'CT;l'5 :^ 

^M.w.=f-tLxo- 0 1 5m o \%t5Ximm^^<>\^y' 

(II) Eg7KW!|?!l5 0g/l<OXf-^y^^U3-/l/^?gSr 
SiS.^lcMLrny^/l'MS^fcU'CO. 0 0 5mol% 

mtxmm^mrfi^^^hixfz p ETWi^'y^ yrsr 
^mm.mmwmizmi^L^iim. i8mm<i><03i- 

'J 7 -f 1 8l^t^^*P^*^'^ 2 9 0-Ct'ttaj$ 

^mizu^x}%m. V y/a. 3000 m/:»- 

^fia-^-8 0°C, h— h-fev b t^^-^t'l . 5 
5^l,zmWtX2 0r>'T-v'^X. 187-f^><ybO 
;if"jxxr;W®»^^t:#^>:. i?,;l-'Ux;'.rym!}i*l: 1 
gcctoiMlcMt-rJ'-ocUf-yv-gy:?-^ AO. 06 
IK'^-A-7 - ms 0%t'ji)iS-tir, ^^IROE 
f Hc^MW 1 <7)1&'^ ii^\^imx.^y^ u-xmD}\iXi,z 
J: D , 6 0 T v-r ■•/ X 3 6 7 ^' 7^ y h<^^'J x7.-f 
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[0 177] (^«3)a[iBl^fi!l!JKfct-rr;w5:^'!^ 

n^i^s^ttto. olmo l%^^j:y^WJ^'^-i^- 
7Jcfafe 5 0 g/ 1 <ox^^y^"j -a-mm^m/ftvi 

nLX Uf-'!^AM^ k tt 0 . 1 mo 1 %MVCW^ 

9yt.2AV^'7^> b<OftJ^JS3<0HmiliffliEHk 5 5 
7*5/7^ .y X4 8 7 ^ 5^ b W*^^2 0 

[0 17 81 (ibSM?i|i) MiEkUt, HH^tryf-^ 

t t-C 0 . 0 5 m o 1 %tc:5:?. i ^ Ocffiffl Ltzmt 
^fiC?illt|5lflgoaf^^^fofc. AP{i6 5*, TSJi 

0 22 Tosito. Qix'h'o. z.tih<mm:.-y 

[0 17 9] t^w. ifc«Cfla]l<0^77Mkt;^PETU'i/ 
y^fflv^t:*7-b{gSr5Ri6Jt, :</^-b1liil. It' 
J>-5^c, ^fil?ill~3cO;<?5-b1StMLAb<4. 0 

[0 1801 
[^1] 



o ^ 



in 



Hi 



3 



S 



o 8 8|c> o 

n O olo O 



» 



•it 
If 



s 

I 

-> 

% 

t 

01 



[ 0 1 8 1 ] a^ff«k L-cTffiw'J ^•ib^t^ 

[0 182] 
[€6 5] 

MO-O-CH2-P— OH 
OC2H5 



[0183] 'J y-ft,-^!H!)A«otilm5^{±Tia5tiOi:fc 0 . 
[0 184] 
t€6 6] 
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HO-Q--CH,-^0' 
OC2H5 



/ 



[0185] ( U y-(t^{7)r/l'5-'>-^t^«0^^W) 
0-ethyl 3. 5-di-tert-butyl-4-hydroxybenzylphosphon 

[0 186] l.SodiuiiiCO-ethyl 3.S-di-tert-butyl-4-h 
ydroxybenzy 1 phosphonate) 
50!S*®'(b-M-'J'^A7K?i?g6.5g (84iiiinol) 
;l/6.1inlCOm-&}S?R*fcdiethyl(3,5-di-tert-butyl-4-h 

ydroxybenzy 1) phosphonate 5g (Mnmol) <:0;><^/— 
^jge.lml^JPX., g##BmT24Bt^Sllfai«Sr'fT-:. 
/c. RJEBf^. SJl5m^!B!l«:ifefflL^**'^«^Sir7.33g (7 

diuin(0-ethyl 3. 5-di-tert-butyl-4-hydroxybenzylpho 
sphonate) Sr3.4g (69%) 'i%tz. 



mmm m 

vtsm^itfiTMffliiTai*!-^ w?*^ 



UUt : 294-302C (^m) 

iH-NMR{DMSO, 5): 1.078(3H, t, J=7Hz). 1.354 (18H. 
s), 2.711 {2H. d), 3.724(2H, m. J=7Hz), 6.626(1H. 
s). 6.9665(2H. s) 

Timm i iJ -J^mmm.) ■■ Na 6.36X(6.56%) . P 
9. 18% (8. 84%) 

[0187] 2. 0-ethyl 3. 5-di-tert-bul3rl-4'-hydroxy 
benzylphosf*onate<?)r/l'S-n?Am (T;WSffiA> <^ 

MS"CM#T<7)Sodium(0-ethy 1 3. 5-di-tert-butyl-4- 
hydroxybenzylphosphonate) Ig (2.8miiiol) <0*^?S7.5 
inlt5^T;l'S-'>^97}cfOtl 364iiig {0.97nuiiDl) COtK 

m. fS^L-CO-ethyl 3.5-di-tert-butyl-4-hydroxybe 
nzylphosphonateWr/U S ^.^^iN® S860iiig^fc . 

: efe^f* 
SJ^. : 183-192°C 
[0 188] 

[^Bflo^ai*] J: «> t ffe^^lit^iSiT-* 1 1 1 



F^-A(##) 4J029 AAOl AA02 AA03 AB04 ACOl 
AC02 AE02 BA02 BA03 BA04 
BA05 BA07 BA08 BA09 BAIO 
BB05A BB09A BBIOA BC05A 
BC06A BD03A BD04A BF09 
BF18 CA02 CA03 CA04 CA05 
CA06 CA09 CB04A CB05A 
ra06A CC03A CC05A CC06A 
CD03 CF14 CF15 EA02 EA03 
EB05A EG02 EG03 EGOS 
EG07 EG09 HAOl HBOl JB191 
JC541 JC551 JC561 JC571 
JF221 JF451 
4L035 BB33 BB59 BB89 BB91 CCll 

DD15 EE02 GG02 
4L036 MA05 MA33 MA39 MA40 PAOl 
PA03 PA33 PA46 RA03 UA08 
UA26 
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JP8209475 
Title: 

POLYESTER-BASED COMBINED FILAMENT YARN OF DIFFERENT 

SHRINKAGE 

Abstract: 

PURPOSE- To obtain an inexpensive polyester-based combined filament yarn of different 
shrinkages good in yarn manufacturing properties and capable of providmg a woven or 
rknHtedflbric excellent in fullness, soft touch feeling, drapeability body and stiff touch 
feelinrand further color tone when woven and knitted. CONSTITUTION: This polyester- 
based comWned filament yarn comprises at least two fiber groups haying different 
shrinSge faTors in boiling iater and having >=10% difference in shrinkage factor in 
bS waier between a h^hly shrinkable fiber group and a low shrinkable fiber group 
and further 15-40% shrinkage factor of the whole yarn in boiling water Tl^e low 
shrinkable fiber group constituting the combined filament yarn of the different 
shrinkages comprises a polyester containing polyethylene terephthalate as a mam 
constituent component ahd the highly shrinkable fiber group comprises a polyester 
Sining a copolyester, prepared by copolymerizing ethylene terephthalate with 
0 5-1 5mil% phthahc acid component and having >=0.5 intrinsic viscosity and <=8 
polymer color tone (b value) as a main constituent component. 



Abstract and title translations provided by http://ep.ospaccnot.com 
Patent provided by Sughrue IVlion. PLLC • hltp:Hwv»w.sughrue.com 



(i9)0*ffl^fffjT (J p) (12) ^ ^ <lt rF ^ ^ ^'^^ 



(51)lnt.Cl.' 
D0 2G 1/18 
D 0 1 F 6/62 

6/84 



iNfii¥8-209475 

(43)^^§BB iP(S8¥(1996)8^130 



3 0 2 H 
3 0 3 K 
3 0 1 D 
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g»«^W«SittF«l»f"T 6 -38 



(54) i^mom] 7f^'Jxx■rJ^*S'R^s^ias* 

(57) [S*?)] 

An5~4o%t?sssTOm*-e$.s. sixagJias** 

14««l«f 'J ^ >^ ^ 7 ^ 1^ ^ ^ ^^^^^ 
/jO, #U-7-fel^ (bit) 75^*8E;T-e$>^3#'JX7. 
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BA- 



10 



2D 



Ji5iiSUettaill»tt# «J W W 7 ^ h f' 7 5' 

ijx";^r;i'££&5«fiiSfi!S^>ti-s#uxxrJi/*^e.& 
a ;i t &<*atf 5#'J xxxjw?^si5aeji«*' 

[0 0 0 11 

\mkh<mmm\ -mm, %m'mm^\^'^ 

#ijX^V'>TV/7^k-h (PET) \zv9m.mi 
(PAfiE^) $«^Ufc3#UXXr;USirc:%«SfiK 

[0 0 0 2] 

^. _ 
[0 0 0 3] Lii^hiii)^^. cn^<D:f3i&-vn<^n^^ 

[0 0 0 41 cne-roiimir^BASfcj&ic. WJSttii 

•^iRagtt8tJi»tbTPETI'^V7^';WB!l (IP 
A) «?S^tB^bfca3fx'JXXf-Jl'«:4fc*«^^^i"^ 
-r5S£«-^. 2,2-lfX (4- (0- tHO^^->Xb=<r 
-» 7x-;l^) :/n/1> (BA-EO) «r^#«ffi^^a"o 

;&i,^liBA-EOt I P A^<t^'^mM'^Vtc:it^')X 
[0 0 0 5] Li}^Us.f}ii. \PA^'^m'aUz:27f. 



ijxxr;v&fflv»fc«^'^'^>. 

[0 0 0 61 iliiRI8ftm«i»tbt7^'JVBgS^^ 
a^L/fc3#0x:^xJl'**ft.2>««K^^tT5«»flP 
Sfflti5*tet>«iW3nTViS (#Bgiia55-57013nii 

[0 0 0 7] ;in*T?75';v8SSPET 

[0008] 
[0009] 

{t:©^*iDliBS2^**15~40%-t?fe2.S<Rfi8}S^^l'*<'^ 

i/S:5mfi£»i:-rS7^Ux;^x;V*»e.»0. JSSiRJStt 
l»|iPttPETtCPA^^*SO. 5~15^JV%*a^t 

>J xXx^*±fc*«fi!cfi!oi^ tt-s* u xxt';ua> 
sett"**)©"??*?). 

[0 0 1 0] e^T. *fgB^t'^viTPiiiciJiBj-r?>. 
[0 0 111 *^?^©5i^uxxT-;v?^S'RSS®ift*'«. 

Tt^s*^. mmt^vxmn^^mz, ^<^^. V7 

h^, A 'J. n ->^^©@ti&a'p 

[0 0 12] *fc. *±<*ro^7K'R^^m5~40%-t& 
^r/o^m7iX-kt<u^t. ^^m<n^ 



50 



irue' 
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[0 0 13] i^5S?^lcfeltSSiRffi}i«l*«>«ii5t«8tt« 

[0 0 14] PAm(Dm^m^m. 5=t)v%m-v 
K. ^i^mm\m&-r^*^. mm\zt^^-sm lo 

[0 0 15] $fc. t3ia3>P'Jl7.x>lKZ) Cn) *^0. 5 

[0 0 16] :k\t. mmmmm\t. mm^::i7. 
[0 0 17] 7^m(ommum^^wi&'^^^> 

=.~mymmxibf). wmmmtmmm 
mmt(Dmmmt. i : i~i : somm^Mmmos. 

[0 0 1 8] *f8W®siR«ijg«*®»*«^i'^ 

[0 0 19] gtllB©4$tt£ii^£tSPAfiE^i-4^t 

U7^';l'iE (TP A) Xtt-^-^^^T'Jl'J^^tt^S^t^i^ 
X5^W>!^'J3-;V (EG) tSrXXxJWkSfSXBX 
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4 



75<0. 5eA±roa7jfJXXxJU7!|it§?>n;|.*tSaB^RfE? 

[0 0 2 0] ±fii©n3}?ijx7.7-;nctt. 



#K. h'Jx^^WVi^'Ja-Jk jJ^'Jx^UVi^'Ja- 
-;k bHn^^yv, lfX7x/-;i'A, HX7x/- 
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Title* 

EXTRA FINE BLENDED YARN HAVING LATENT BULKINESS 

Abstrsct' 

PROBLEM TO BE SOLVED: To provide extra fine blended yarns having 'a^nt balkiness 

'T^^lyrr clmplnent'^^^^^ Ta second component) ^•3C''«„ 

nf.m^nM cons^t of (the first component):(the second component) as (70:30)-(95.5) in 

ESH?rie%^^M"a{e^«=!sT^ll\^^^^ 
monofilament dei««roMne^ ^^j^^ shrinkage grading in boiling water. 
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Title: 

REMOTE CONTROL TRANSMITTER 



Abstract: 

PROBLEM TO BE SOLVED: To overcome the problems wherein, although a conventional 
remote control transmitter has functions of its push buttons printed on or nearby them, it 
is hard to recognize the functions by this method, it is difficult to print sufficeint 
explanations for the functions assigned to button switches, it is hard to know what 
operation is carried out when a plurality of functions are assigned to one button switch, 

and this method is Inconvenient for a visually challenging person. SOLUTION: The 
remote control transmitter is equipped with a sensor, which detects a finger being put 
close to a button switch and an image display means which displays an operation 
function, and displays the operation function corresponding to the detected button 
switch by the image display means, when the sensor operates. 
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Title: 

BOARD, PRINTED BOARD, AND MANUFACTURING METHOD THEREFOR 

Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive board wherein electronic 
components such as semiconductor chips can be mounted such as a board for motlier 
board, to cope with needs for the enhancement of the electronic component mount 
density associated with further reduction In the sizes of electric appliances and the 
reliability of connection is enhanced. SOLUTION: The board 1 is partially provided on the 
surface thereof with resin 2 containing a silicone polymer. After the resin composition 

which forms the resin 2 containing the silicone polymer is cured, the coefficient of 
thermal expansion of the substrate Is 50&times 10<-6> / deg.C or below. Electronic 
components are mounted on the surface of the resin 2 containing the silicone polymer to 

obtain a printed circuit board. 
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mjs.ttmmm.'^mmimcommmm.t^s o x i o 

m-tm 1 -m^msco^^-ftiMzMmcom., 

fflisw^j^'j 1 0 ommuizMixmrnt 

m?i^ 1 0 o~2 0 0 omt^-^^-rhfrnmsizim 

^'y^j a-ym^m-k^-ttmi^msxim^eco 

[f»*iB8 3 if*:« 1 ~7«ov^-f ix*>(cia^«>-U 3- 

1 0 ] mm(om^%m5 o x i o - e / 

m[z^mz:i(Dmm-7-y^'km^-th ^ t sr^fc-r 
\m>m 1 2 ] m\m(^mwm\m.ifi5 o x i o- ^ / 

urn. 

^^mimm ^-^^th mm^^^ $r ffl v ^ t ^ s fflsi i^- 
h ^mwmm^z^mz'^^ o mhz t ^w&ibtm 

[ m>m 1 4 3 ifi^ia i o-mim. i b oi- >-f ii^ncie 



[000 1] 

imc^mtmmm] ^ma. m.. rvy hm 
^mRr/^tih<r>mtir&i,zm-t^. 

[0002] 

v-'^. ^f*<0'<.r^-y7^^:fc'«rtV^Jg^<0«i^ 
[0003)-flJtCs ^f*^-yrSr7x^xy'!7y4< 

yr-f y/:tr^tii; Ott«f»Kt^»^-tl.:^ffit ix. 

itA,fmmth y y -y rf - -y r*^^, ^(^^^ -/ rtc 

m.iff.i^'mizmm.mmm^mKt^mmMm 

izmthWWjmij'mtLX 

[0004] ^fw, ^ma^^-yr'^mi-^&tm^tt: 

mmmj:mmm^zx 'om^mzmmt^irmt ix. 

KcTjratiatt, mEttzi,immnE^mmt^:ibi,z 
x-ox. m^cr>wMn±ii^mm}i>zmu^tihtmz. 
m$^mm^com^in^ix. %=f^s,bmtm 
mi^^tin><^x'hh. z<r>mm^^j:vmmmzxi 
mmumi. m^:ff^xmmx'mm^ixx\>^hm\ m 
m^cr)»^^:^'yxi'uxmi&mmmcommL^zmm-ti 
mimif)htix\^^, 

[0005]? hl,Z. ^i\fi^-yymcr>m=fUS'ai:mm 

mmmb^:mmmwmmzx 'onsm^zmmthij 
mttx. ^W')--yr<r)W^iiZ'^j'^yr^mi^L, s 
mm(r>^mtimmi>zmfA^^htitizmmmi> i 

ixx\<-^h, 

[0006] 4^**^$-(4t«^i:-rs=&ai;^a^ 

^mzmX^U-fi^t^^^L. iCOmM'MZXr> 
Xmint/^^'^^'i^<r>X'f>h. fif^COQFP^SOP 

ffi1t$r^s-?-CV->7t. L*-L, '^.Tf-^yr^^Xli, (i^ 
fflV>T^2i#:f - -y 7'comffit < 

•y F $rm-t ^:^3^^^>y7"i: Of L 

xmm^^-^ hxi^m-t^ijj^i^'^xii o . -m:^]*^' 
zcr)mmzm'ptx^mm^^:i&T^^x\<^fz. :i 
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[00 07] 

mm mmi- r t la^^co^taA? -tiri. ^ t *^ 

[0 0 081 •^^-Tf^-Ymmm<r>wmi'^ 

wmm^zwm^z^^-thmih^^Lx^^ 

j^^, ^mxmvPwmMm<m^^z\,fh-)^ij^±t 
xm,wm.tmr^h t v ^ a w&m fz . 

[0009] i^%mt. ««^p°piO$ /b^l>/|«t'ff 
[00 10] 

imrnzmth. 

( 1 ) mmMm\zn%mz v u n - yn^^-^-^w^ 
thw^mMmM%<m^m>!mif' 50x10-6 

( 3 ) wmm^zn'jimz ^- u 3 - y fi-&f*-^*tsig 

^■^■MW^<r>^m\,zi^MWJ-^'9-WA\^Xts:hmW.. 
( 4 ) 3- yS^^s-t-WStBg^ffM-tl. WfflfK 

%(05ji!-(i:f^c7)-^i5Sis®iTco#t^*^' 1 . 0 %a±xh h 

( 1 ) ~ ( 3 ) <r)\^-ftlMz%m<n^W.. 



I. ( 1 ) ~ ( 4 ) iov^-m*H2issjco«fi^, 

t^A^'i^ 'J :3 - yfi^f* 1 0 0 MAmzn Lx wmm^ 
^10 0-200 oms.mmh ( 5 ) >,ztmcrm 

( 7 ) j/ u ^-y&^t Lxmrnmrnk^^'y 

V o-ym-^^t^th ( 5 ) Xti ( 6 ) <ov^-m*> 

( 8 ) (1 ) ~ ( 7 ) <7)^^-ftL*HciE15<Oy y a-y 

m^i¥-t^mf^(ommiizmFm&iiiinix^j:^rv y 

( 9 ) -y rrS) I. ( 8 ) tieifeo 

(10) e'ftit^coiiij^sfsiit*^ 50x10-6 /'Oil 

(11) ^im'y u 3 a^bffl&LfiEii 

(12) mmiomMmmm'^ 50x10-6 /-cti 

(13) ^im=y u a^kmi^Mii 
wm\^if^tmmm,mm^^x^j:tmi^i^- h sr 

(14) (10)~(13) cOV>-m*HciBSi<OSjt 

miz. ^ f,izmmm&-rhzbi'mb-thmR(oi^ 
mum, 

[001 1] 

m^z^ &mmE. m^jtm^. m^f-mmb'coy 
D a^ym^i^mm^^thmm^th zbifi 
x'th, Kcts. ^m'jizmi^bii. a«^ffi±w*t^ 
(Dmizmi^tmrn $ ixx v ^ 1, ^ t ^ v ^ -) , ^sw^m 

tcajp^p^^^-T'^t, m.mm^zmm^zmi^^tii^' 
u^-ym-^w-t^mmii, mmb3ffot<7)m(7)^.m:h 
^mm-f^ z b t^xt I . +^^j:mmmt^?mth 
fzMz, '>v^-ym'^i^^^mm^ms&-tmmw-it 
m<ommimti^5 0 x 1 0 - « /-cOTt^i-fflBiffi 
rniim^^xv^m-t-m^j^hi, mmm^<nm}^.i}^ 
h , ^wmmAt 3 0x10-6 /'cnyxh hzbtf^ 
ntL<. 15x10-6 /■'c\:xrxh hzb mmzn 
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X 1 0 - 6 /♦cw±T-+^t-S) D s V 'J ^-ym^i^t 
5x10-6 /°ca±.X'h set mt iw y n- 

y n - yfi^ t trnth , ) t ^(Dmitmm/mm 
[0012] -^ui. mmzmmmmm-^ti^ 

mc*i64>iii, J; 0 ^it#14^i6)±$-ti:l. Z b i)^X^ 
m-lX. iS,m:h^i)^^btilZti)^^(:>iiX^-^l, =y 

V a-ym-^i^(7)iSB3mmtim-fjm-s\'^)y'^f\^x' 
mi.th^tiMmx'h'yfz. :^mm. tfz, z(m 

i^^ja-ym-^mmm^^xam^ixi^'Vzi-y 
M-^i^^^miBitthm.iu^-thh<ox'hh, m 
^m^f^jm^wti^^ 0x1 o-6/'ctiTT, ^\mm. 
rco#v*>' 1 . 0 xKLtxh h ^^mmi^m h ^ 

I.. mf(i2. 0%lJLh-Cfcl.ii:*«Rp{c»*U\ iS 

i^(nmm>:.\,X\t. l^-ditti^Ua-yM-^i*:. m 

1 0 0 1 3 ] i^SMbttx'J a-vM^flsJi. - 

R' „ (H)kSiX4.(,,K) (I) 

J)*?. C^J;ca\ ^sgi(i~4«r;u^/P«. 7x-7ua 
m<r>7^)-)V^. k{ilX{i2. mtiOXtil. m + k 
« 1 X« 2 $:Ei*-r * ) T^^nS >"fk^i: t H 

«tjU I) <0x7y-(t^!|^ti»^)». a[«l^(Cj;-5T 
S i -Ha-^^-v'jn-ytt-^fitct^n, t h'nv-'J;l/ 

-ft;RfEffl5: S i - HS-^W>- ij 3->'ffi-&«!<7) S i - H 

*^aSA $ fi-fz V- y 3 - yffi-^ttcA^W 'ins. 
[0014] -^i^ ( I) i -Ha-&^rv7 Wk^ 

!|4lt-«t5t (II) 



[^b2] R' „SiX4-„ (II) 

(^*R' -m^M-m, i I ) izmtx'h*). nno 

[0015] liilBHS^ ( I ) Xm^tLh S i -HS-^ 

lit3] HCHjSi (OCH3) 2, HCjHjSi (O 
CH3)2. HaCHTSi (OCH3)2, HC4H9Si 
(OCH3)2. HCHaSi (OC2H5)2. HC2H6S 
i (OCjHj) 2s HC3H7S i (OC2H5) 2. HC4 
HgS i (OC2H5) 2, HCH3S i (OC3H7) 2. H 
CzHgSi (OC3H7)2. HC3H7Si (OC 
3117)2^ HC^HgSi (OC3H7)2» HCH3Si 

(OC4H9) 2, HC2H6S i (OC4H9) 2, HC3H7 

Si (OC4H9)2. HC4H9Si (OC4H9) 2, IfCD 
7l\^^)l'i^7)l^^^i^i^yy 
[00 16] 

Ut'i] H2S i (OCH3) 2. H2S i (OC 

2H5)2, HjSi (OC3H7)2, HjSi (OC4H9) 

2. ^(^^i/'T^l^adfvj^^y 
[00 17] 

lit5] HPhS i (OCH3) 2. HPhS i (OC^ 
Hg) 2, HPhS i (OC3H7) 2, HPhS i (OC, 
H9)2, (JtJt'L, Ph{±7x::i;l^SrS^-r. WTR 

m) mcoy x.-)v=JTj\^zi^i^>'yy 

[00 18] 

Ute] HjSi (OCH3) 2s H2Si (OC 
2H5) 2. H2S i (OC3H7) 2s H2S i (OC4H9) 

2. ^c7)i<''T;i'3^vi/5y^i:i02i:agl4v-7>-'fl:-^ 
m (liiTs i^^yit-^mzmht^tii. n^Rm 

[00 19] 

[-ft?] HS i (OCH3) 3s HS i (OC2H5) 3s 
HS i (OC3H7) 3. HS i (OC4H9) 3, ^(^hV 

s. 

[0020] -m. (II) xm^tii=yyyit^ 
«is mmzii. 

Ut8] Si (OCH3)4. Si (OC2H5)4s Si 
(OC3H7)4, Si {OC4H9) 4^c7)Th7r;U3^ 

i^=^yy^xi:<^4 -ff figtts^ y y-it^ . 

[0021] 

[^1:9] H3CS i (0CH3) 3, H5C2S i (OC 

H3) 3s H7C3S i (OCH3) 3. H9C4S i (OCH 
3)3, HaCSi (OC2H5)3, H6C2Si (OC 
2H5 ) 3, H7C3S i (OC2H5 ) 3, H9C4 S 1 (OC 
2H6)3, HaCSi (OC3H7)3s HjCaSi (OC3 

H7) 3. H7C3Si (OC3H7) 3. HgC4Si (OC3 
H7)3, H3CSi (OC4H9)3. H5C2Si (OC4 
H9)3. H7C3Si (OC4H9)3. HgCSi (OC4 
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100 22] 

[^bl 0] PhS i (OCH3) 3. Ph S i (OC 
2H6)3. PhSi (OC3H7)3, PhSi (OC 
4H9) 3 {fztzL. Ph(i7x-;ua$r.T^t. WTPI 

[0023] 

Utll] (HaCCOOaSiCHa. (H3CCO 
OsSiC^Hs, (HsCCOO) aSiCaH,. (H3 
CCOO) 3S i C,Hs^=f:J7iV^lUW7>')l'^ 

[0024] 

[-ftl 2] C IgSiCHj. C laSiCzHg. C I3S 
iCsH,, C I3S i C^HgBrsS i CH3, BrjSi 
C2H5, BrgSiCsHT, B rg S i C4 Hg^CO^ry T 

[0025] 

(£131 (HjOjSi (0CH3)j. (H5C2)2 
Si (OCH3)2. (H7C3)2Si (OCH3)2. 

(H9C4)2Si (OCH3)2, (HgOjSi (OC 

2H5)2. (H5C2) 2S i (OC2H5) 2. (H7C3)2 
Si (OC2H5)2, (H9C4)2Si (OC2H6)2, 

(HgOzSi (OC3H7)2. (H6C2)2Si (OC 

3H7)2, (H7C3) 2S i (OC3H7) 2, (H9C4)2 
Si (OC3H7)2. (H3C)2Si (OC4H9)2, 
(H5C2)2Si (OC4H9)2. (H7C3)2Si (O 
C4H9)2. (H9C4) 2Si (0C4H9)2^Oi^'T;U 

[0026] 

[-(1:14] PhjSi (OCH3) 2. Phi Si (OC2 

Hj) 2^<oe/7x-;p>''r;i'3^^-x7y, 

[00 27] 

('fbl5] (H3CCOO) 2Si (CH3) 2, (H3C 

COO) 2S i (CzHj) 2, (H3CCOO) 2S i (C 
3H7)2. (H3CCOO) 28 1 (C4H9) z^Oi^'r/t- 

[00 28] 

[•fbl 6] C I2S 1 (CH3) 2, C I2S i (C2H5) 
2. C I2S i (C3H7) 3, C I2S i (C4H9) 2, B 
r2Si (CH3)2, BrzSi (C2H5)2. BraSi 

(C3H7)2, BrgSi (C4H9) 2^«Tyl^df-;u>''A 

a y y 5 y ^ t'cT) 2 -Sfigft 5 v\t-^m'^h h . 

[0029] f«:®£tti/'J 3-yfi^(*:$rSjt-f •g.^tC 

\t. mt-m, ( I ) •c'^$ni.s i -wm^-Mi^vv 

( I ) x'^^ti^ s i -Hm^^i^yyit^vat-m. 

(II) x-m^tihi^yyit'^'^coo-h. 3Wfigex7 
y-it-^mi 4 Wt^ttr/P a^i^yy yit-^t^-H^mS. 

^-t Lxm^^hti, -Wl^ (II) x-m^ixiyyyit 



■^<7)o-h. 2'ifigttT;i^3=Jfi^v7y-(l:-&«ttSfi£ 
^t^ti^. A-Smi^^yit-^kLXiiTh 
yT)i^a^yyyytmtL<, 3tm'&yyyit^t^ 
t LTti^ y Til^Jl h 'J r;i'3 i/v 5 yXii hVT 
)\^a^yyyymtl<. 2mi'&.yyyit-^^tL 
T{± vT;i/^;p>'T;i'3df i'v'^ yxii7>i'^)i^'J7Ji' 
■3J^i^yyymtt\.\ 

[0030] ^im'y'j zj-ym^wcommumniy 

^yit-^cmUzMLX. S i -H«^f*T;l/3^i^ 

y y yit-^m 3 5 ^:;U%IJLhi£^-r 1. 1 <^Xh 0 , 1^ 5 
Wb^iHsc^i^Stc^^LT. -«l5t ( I ) x-mti^si 
-HS-tWr;p3df >-i^7Wl:^%3 5~i 0 0^/1-% 

(J:»)»*L<«3 5~8 5^;W%) m^Wi^ ( I 

I ) TmtLi7jvaiti^'yyyit-^m-e5^!V% 
( 1 5~6 5^;i^%) nwi^x-mm^tthztrntL 

[0031 ] mMi^mwyv^-ym-^miE.HK.Ttm 
mtxn'o. -m^ (II) x-m^ii^Tfi-a^yyy 
yit-^(o a *> 1 5- 1 0 o*yu%*i4tigtti^7y'fb 
-^xti 3 ftltti^^ y-fk^T*>s ^ tmiK. 
20-10 0^;i^%*>'4'fftEtti^^>-fb^!B)Xti3iirfll 
tti^^Wb^t'fc&.lt^'iOSfi •f'S:*)''?- 
«i3(: ( I I ) X'mtLh7JUaifi^y^y'it-^m<Do-h 
2 "^mty y yit^ti , o ~ a 5 ^tfi-xx-hh z t a^' 

MtK. X0mi<iiO-^8O^Jl%mi^X'^ 
[0032] ntzl^t L<(i, (II) T'^^il 

i7)\^^^yyy yit^<r) oh 4 tm^y y yit^m 

*n 5-1 00^:;U%, <};'5»*L<{J2 0~1 0 0^: 
3tgg14i-5>'-fb^»«0~8 5*/U%. J: Off 
* L < (i 0 ~8 0 2 tlgtti^ 7 >"fb-^3&« 0 

~8 5^;P%. iOff*L<<iO-8 0^;W%<7)fiJ-g-t' 

ffiffl^ixi.. 2'g^y^y^t-^m^85^Ji'%^mi 

[00331 m^W^ U 3- V«-&ft{±. KSBL 

( I ) xm^ti^s i -HS-^iSi^^wb^^^j 
i:-«i5^ (II) xm^ti^yy yit-^^Utt^mm • 

KS, 'jyig. im. y-ymmcomm^. i-j^'^K, ■? 

cr>iM,mmmi:m'^^lZthX-^^, ZtLhM7\i^m ■ 

mm^pmu, ( i ) t-^^ix^s i -hs^^ 
x^y-fb'&itsjt-si^ (II) f^^nsx^y-fb^ 
<Dmzjt-txmMm^^(:>tiii]K mui-m 

( I ) t'^^ii^S i -HS-^Wi^^Wb-^ftt-flStit 
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(II) Tm^tlhi^yy-lt-^'^l'fiMzlcitO. 00 
1-1 Ot/K7)liH-Cffl^^^>*ll>. hVni^Vii'itim 

jSil^bKf^, jfiiJ'fki^'- 1 e r t -r^yP, 

(i, -^5^ ( I ) X-mixl S i -HS-^WT/Uadf V- 
0. 0 0 0000 1—0. 0 00 it;ucoSiHT'fflv^/i> 

/IS, 

t5 (m) ti>iS{c-f^ffl-ri.x.-ifdf j/»^r5/«^w 
mmi. mm'^mtum-i. ) mmtix 

U U V v;Wx-x;U^2:fflv%S ZtiJ^X't. tti. 
|.^iOT5 y r;w^;M rJ' ^"J t'Srffl*-^!) 

( I ) xm^ix^ s i -HS^fi-r;W3df i^v-^ Wb-& 
!t%il^;Kc«L. 0. l~2*;K7)ffiHi:-ri)::t3!)«» 

tL<,1ft0. 2-1. 5^iUi}mtL\'\ 

[ 0 0 3 5 ] ifc, ^MioMmm ■ mm^. t vai^ 

^yp'f V r^^l^y h yt£>i<r>'r Y v^m^L N , n - v 

'm<r>mm^x''ti')^ttm^ tv\ c:ii4>?^Kimat' 

mi , fiiei^ 7 yit'^'^^coim i ^tMzti LT 0 - 5 1 
yK;)J5ili1-|.C:t*^'JT^ L<. ^^tc, 0. 5-4 

[00363 fiill-fttt^- 'J n -yfi-^ftccoSJjiti, ±fe 



[0037] m^^mi^'j 3-ya-^<i, ±i£coRjE 

yn^mmi. j&it>x±mmzmmLxhx\<\ 
[0038] mmsm'y u n-yfi^ftti. 
i}^iiy)\^itix V ^^ V 3 »:7c?!?<g Lx\^ii>(r)X' 
h 0 . ^i^Hgfctts V ij 3-ya-&«c<o3»:7c^<i. 

t^isg L . sjtii. ^stLh 2 0 0 'cmx'h iztm 
ii,<. i50'mTX'h^ztifx<omL^\ 
[0039] Bififfias-fbttvU ^-ym^mi. s i - 

s i -HStis i -H»^^r2wegtti^D=jf-t>'mfi 

(HR' S 102/2) X{± (H2S iOa/a) (s^^i, 
R' {iH?fSc7)il0t:'S>*). i^Kn-yfi^f^ttt'c^R' m 
t4SVH2|ai-T'J>-5Tt>J:V^L. M^-o-Ct)J:i\ 

XtiS i -Ha^W3'i:gg1tyPdf-9->mfi ( H 
S i O3/2) (cioT^A^ixtv^?,. Si-H 

a^^yM^ii (HSi O3/2) , 3m-gtti^a^-9-y* 
fii ( R' Si 03/2 ) XiiA'gtm'yn^^ym ( S 

104/2) (5^+, R' mm&x'h*). '>ua~ym 

^^ltt4'^0RS^4SvH^|Sl-T^)-5-ct,J:v^L. P^r-sT 
iJ;v^) Si-Ha^^r2'&figtti^n^-9-y 
#fi(HR' Si02/2) X{4 (H2S 102/2) ai>'2 
ttgtt^/ndrHfy^a (R' 28102/2) Srffimjjfe^J-fc 
-rStcOt'J)!.. 

[0040] fssi^bttvu 3-ya-^«4. m^Wfii 

0 0 0BlTT'Z<J:7E?ii}iLT('^& tWT'^^'l. :ibifnt 
Lv\ $A>C»*H-^tt^S{44 0 0 0OTt'S>'9, !^ 
t::»*tv^a-&K{42 0 0 0OTt$)l.. C<0v'j3- 

ya^frtoiiii&u'st^stcfi, s i -Hat3j«-i,t h 
ui^^jMmmzi.'ixmxwz^m.'u^m- 

1/ y« L < {4^ 'J x^ V 'J 3 ijffl L 

[ 0 0 4 1 ] ^ij. ^mm.^') 3->a-&f*c«:f^-r 

?>^W4, frlEco«ts i -HS-trfl-vUn-yS-^fil: 
LT A^ii) t H D X 'J )Vimm\im^ LT t H o 

m\^mti>- y yit-^^tmmzw.^ l. yit-^m 

[0042] ±ie<^«jkitx'J n-yfi-^ftsi&^WL 
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0 0 1 ~5 0 J^tm<7)i,<7)5^*%HH^:t3l'^Tt)fflV^SC: t 
*5T'§. »tU<«0. 0 1~1 O^imcOtcOA^'ifatC 

Ua-yfi-^f^sl OOtttgPtcWLT 1 0 0-20 0 0 

ttaas*^;*? i L< . 3 o o~ 1 5 o onmm^zm 

[0043] mi^if&ii^ U a-ya-^S:-&^-tl> 
mitWIgSfcRJE (Wit) ■th^-^X'hti\iii<. 

xy-;w*^J)'). *Jt. cii^>co^fiB7xy-;w. 7x 

AT^Wt t F ^SiSS-li:-C# 'bill, y ^7 -y ^'^ill'S: f 
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Title: 

KEYLESS ENTRY SYSTEM 



Abstract: 

PROBLEM TO BE SOLVED: To provide a keyless entry system which can reduce the 
mean current consumption of an intermittent reception system. SOLUTION: This system 
has a transmitter 20, which modulates and transmits a binarized pulse signal including a 
start bit and a unique identification code as a user operates, a reception part (receiver) 12 
which demodulates and receives the binarized pulse signal from the transmitter 20, and a 

control part 11 which decides the identification code received by the reception part 12 
and a registered code stored in a storage part 14 and outputs an output signal for 

performing specific operation, that the user intends when both the codes match each 
other; the control part 11 places the reception part 12 in a power supply state where the 

binarized pulse signal can be received at specific time Intervals. In this power supply 
state, the start bit is decided a plurality or number of times at specific time intervals, and 
when the start bit is decided, specific bit errors are allowed. 
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Title: 

DIFFERENTIAL-SHRINKAGE POLYESTER COMBINED FILAMENT YARN 

Abstract: 

Hlah-quality differential-shrinkage polyester combined filament yarn having good color 
tone and being free from fluffing can be made from a polyester polymer produced by 
using a catalyst comprising (1) a mixture consisting of a Ti compound component 
comoosed of one or more members selected from among titanium alkoxides of the 
General formula (I) and products of reaction of these alkoxides with carboxylic acids of 
the aeneral formula (II) or anhydrides thereof and a P compound component corisisting 
of a cornpound of the general formula (III) and/or (2) a product obtained by reacting a Ti 
compound component composed of one or more members selected from among titanium 
alkoxides of the general formula (I) and products of reaction of these alkoxides with 
carboxylic acids Sf the general formula (II) or anhydrides thereof with a P compound 
component consisting of a compound of the general formula (IV). 
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(57) Abstract: High-quality differential-shrinkage polyester combined Glamcnl yam having good color tone and being free from 
nuffing can be made from a jwlyester polymer produced by using a catalyst comprising (1) a mixture consisting of a Ti compound 
component composed of one or more members selected from among titanium alkoxides of the general formula (\ ) and products of 
reaction of these alkoxides with carboxylic acids of the general formula (H ) or anhydrides thereof and a P compound component 
consisting of a compound of the general formula (III) and/or (2) a product obtained by reacting a Ti compound component composed 
of one or more members selected from among titanium alkoxides of the general formula (1 ) and products of reaction of these alkoxides 
with carboxylic acids of the general formula (II) or anhydrides thereof with a P compound component consisting of a compound of 
the general formula (IV). 
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(84) m'^m (O^i^): ARIPO ^if- (BW, GH, GM. KE, LS, 
MW, MZ, SD. SL, SZ, TZ. UG, ZM. ZW), a— 5 v7»# 
ffr (AM, AZ. BY, KG, KZ, MD, RU. TJ, TM), a-O-j 



/mit (AT. BE. EG. CH, CY, CZ. DE, DK, EE, ES, H, z^^zi- Kaif:ifi(DB8iSI-^L^"CI*, SSB»ff $tL^ 

FR. GB, GR, HU, IE, IT, LU. MC, NL. PT, RO, SE, SI. SK, ^pctH-^ V KD#bIIC*||| $ tlT * F □ - K t BSH 

TR), OAPI *#§1P (BF, BJ. CF, CG. CI. CM, OA. GN. GQ. (D^-f ^ >X-/ - h J 
GW, ML. MR, NE, SN, TD, TO). 



(57) Sft: 



i: BulB^ (II) <7);^? /^^ ^^Xfi^ f^^TRii^ i:(DS^£:^^i^©itt£^± 

(I) (n) 






X 



— p 

II 

o 




OR 



(IV) 

(R«0)p-P-(OH) 



O 



O 
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^m^ 7 - 1 3 8 3 5 4-^^^#R§) i^^ti^^nTl/^^. 

20 iii^^^L, ^5^;{>i/j:<i^^aKT^54^uxx7=-;i'^TOM^^wr§;i^{c 
'^WT^> m7mm^o:>mt£^2mm(Dmm^^u^uwi^x$)-ox. 
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(A) (a) TI5-|S;i5; (I) : 
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I 
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(b) ifia-^i?: (I) (D^^>7)Vn=3r>\^t. TSB-lg^ (H) : 
'(COOH) ^ 



15 




(n) 



[±ra (n) 4'> .2~4(DSic^S-r] 

(B) TtB-M (ID) : 
20 ^0R« 



R — c. — X— , (m) 

^OR ' 



o o 

mv. ±tB^ (m) 4", R^ r^wr'^^, ^n-e'nfi&*^?,54iz:ic:, i~4 
fli(D^5^M^^*-r^7;v^;i-»^^b, x(i, -cH2-*:at;-cH2 (y) ( 

T, 

fJlBM^ifflrS-^ti (1) iilB5=-iS^>fb-&W^> (A) tc:'^^n^9":$'>7r: 
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1 + 0 0 (ii) 

tiiiBjKj^^^ti (2) \t. ym^ (c) (d) : 
(c) (c) mm-^^ (I) tca;'9^$n§5^i5'>7;i^i3=^~>H. m 
Lo (d) wiB-«si?: (I) (D5^^>TJi/=i^>'h*t^ stfB-fiass: (n) icj: 

(D) TfB-« (IV) : 
(R«0)p-P-(0H)3-p 

15 II 
O 

[±saic (IV) \z^\r^x. R^ti--2 om<D^mm^^^r^7^^)vmx\t6 
(A) Rz^mmmmmRm^m (2) ©bk^ (o <D-^^\z:^\^^r.^^>7 

Ad^^v'H (a) .W^^iJ'^TJVn^v'H (c) O'^^ t. (H) 
-•foi/^T, f^6^ (D) cDi^ic:^ (C) lc^T-oK;S^fttl:7i^\ f^'^ (D) Ic-^^n^U 
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xx.)i/v;?7;V7}^>i?, vy:c.j^i/-x.^yvti)\'t^ymi^hmilt\.^ mU7)\^^ 
vy^^}zi-m\ x^w>i;7'U3-;K >^5=-w>i^U3-;K hu^5^v>i>' 

\^m%ibn^^^jjL7.'r)vmimMm^^mmr^:it\z^!bo ^bx. 
mt. 'A(D-^-^)x7sf-jvmmmm^\z^^xmi^-^n^o 

5 %KkT<D-^ U XXx.)U¥5i#* t , ^*7KIt^i|g^*t 8 %^±<D-^ U XX't;!/^!? 
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Patent provided by Sughrue Mion. PLLC - http://vtfww.sughrue.com 



wo 2004/063441 



PCT/JP2003/016755 



6 

Tfeo, mmmmowmti^o. 5~8. o%, ^wmm<Dmi^^m^m^l 

5iail®m2 0 0 0-4 00 Om/m i nT^llJlD, ^mic^fe^MS^JSL-fcm 

10 S75^^^#<> Milim Mmmm(Dmmmmfi'tn^M . 05-3. 5 

dtex, 0. 5 5~15. 0 d t e xT afe 0, ^(Dffi^M^O^O . 5 d t e xJ^A 
^#^5^.*;U7i^=t-i/U-hXXT-;i/^OTM^Siit^©Mii®# 

5 0%, $e.fcjff*L<«5~3o%T?$.§o 'm.t^ii^\z2mm(Dmm\t. 

25 ScfcDSi^t^^Jit-^o 

cD-a^t) (1) msy%^=^^yit^'^m (o (d) toK 
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[±I5^ (I) (C^SViT, R\ R^ RWR4«, ^n^tlStcaSfc, 1 ~ 
10 ibM^tntzim^^V. m«l-'4, !!ifSt<ti2~4, 0!ii:<£^b, m;&t2 

(b) MIB-^^ (I) ©^i5'>7;i/n+'>Hi:. TfB-SS^5; (E) : 




(I) 



sfc, aiS'&MTOii^ti (1) myit'^m (b) 

20 (m) : 

o o 

[fib. JitB^ (m) 4", R^ R^Rt;^'Rnd;, ^n-?^~nflll:^^?>54iL(3, 1-4 

25 mo^Emm-^^-t^7)V^)vm^U\.-. x\t. -cn^-mas-cn^ (Y) ( 
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m (D) t(DEJts±^<^-V$)^. 

iif35=-i5'Mb^ti^^ (c) 

(c) t(l!B-« (I) tcJ:«9S$ns^iS^>7;m^>'h\ IktS 

(d) tulB-IS^ (I) (D^^y7)Vu^z^]it. laiB-jig^ (H) iCckD^ 

ftfiiEU><b^«^ (D) 
TI3-SS:^ (N) : 
(R«0)p-P-(0H)3-p 
10 II (IV) 

O 

[±|5^ (IV) lC:feViT, R«m~2 OjiO^mm^^Wt-^T^Wl'SXtSe 
~ 2 0<@(Dj^SMi^S:W1-'g)7 U -Jl'S^^Ls p \t 1 X^i 2 O^icSr^To] 

15 Wm^fmtX^X. iIiB5^i$'>'fb^«^ (A) ^:MIB>J>^b^i^^^ (B) 

tom^m (1) *fflvi§«i^, ^^yit^mm (a) ibTfflVicn€)-ss 

(I) ilJ:D^$n'5)5'^>7;P3^v'H (a), .S:t;Jc:W5^i57>7;i'3:^'> H 

(a) -wt^ (n) tcJ;o^$n^^«:^;i-4^>»fi^co»ti<hoM 

JS^|jK#3 (b) t^, 73^UX7.T-;l/^'J x'-tC^*-r'5W?g'l4X«.»tt/0^^i«<, 
20 oT, ai|j|^lCj:0#6>nfc:^UXXx.'l'#U-7-4'tC5=-:$^>'fb'&«^ (A) 

*%Bj^3fflu?>n^a«i^MM5^i5'>fk'&«^ (A) x« (c) icfflv^e 

25 n-S-K (I) 'T:^^n^^^y7)V^^i/^ (a) ibT^, xh^-fvy 
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±139^:$' >lb^«5^ (A) x\t (c) fflcDg^i$'>7;m^>^H (a) xfi ( 
c) (n) (Di»mm^m:^)vt^ym:x\t^(Dm7mt^K!^s-^-^^m 

'^\z\t. mxi-mm\zi^^0'mt})v^>mxit^<DM:^^^mmvs zoM'^ 

m\z^^>7)Vzi:iri^\i (a) X\t (c) SrSSfTU, 0~2 0 O'COffl^TiP'TS; 
, x^P>^*'j3-;k hU^^l/>^Un-?K rh^p^5"W>i^'ja-;K 
ZZX. =^^>7)Vzi^>'\i (a) X« (c) t. (H) 0^«#{ffi 

:fy)v-^>mx\t^<Dm7K'^t(DRm'i:}V]t\z\tmzmM\ttj:\,^f)\ >7)v:n 

(c) (E) 0^@jii^^»;l'7}^>mX(l^(D4i7K#!iO;^^S^:;Ui:b 

^3;, (2 : 1) ~ (2 : 5) (D$gffl|^if ^ili:»^Ll/io 
20 Z(DRJt^\Z^-oXn<^n^RJit^^M (b) Xtt (d) H^(Z)^SfflViTfe^ 

n^-l§iC (IE) ©UMb'&ti (*XJ}^^>-h^b^#)) .hLT«> 
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-15^ (III) w'J^'fb'&ti ff^(hfs.^^)>it'^^^^ ( 

m (A) <Dimm^mmm^^<^ ^©^m. ^^yit-^mm (a) o 

ii) : 

1^Mp/Mt,^15 (i) 
20 IO^Mp+Mt.^IOO (ii) 
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Sfc, 5fn (Mp+Mt.) omt. 10U;±10 0OTT^0, $f^b<lt2 0 
5 7i^^#e.n§iiilt(D'l4tgW+^^cfj:S. (Mp+Mr,) M 

Lo uMk-&ti (D) icfflVif,ni)-^^ (N) ©u^-ik^titt, ^:y7;i/=^;w4^x 

y^y:r.-hUE ; ^ y 7 'J -;W>l^X7x- h^, fll^t^^y 7xx;L'/J^7v7x- 
h, ^y^>v';V'4^7.7x-b, *y (4-X^;W7xr.;V) :}NX7x-h, ^: 

15 /t:7xX;i.*:X7x-h, :h7^;i<'4^X7x- h, ^ 7 > h U ;V7}> 

7.7x-h;^i:i:> v'7;WU5i^X7x- h^, 0y;^«e^X5^.;i'5}^X7x- 
7'Ptf;i"i^X7x-h, >'7'5^;U*X7x-h. i?7^'j;U^X7x-h, 
v-:tW'-f;l/4-NX7x-h, fj:^;^IfemcS^7U-.)V'J^7.7x-m t^J;^ti> >' 
yjL~}ljisXyx.-hti^'^mmt^^ti}^'^t^o ±fB^ (V) \z 

20 *3ViTn;{>n-e^^<J:^coty7;Wl'4>7s7x-h, tfc«^:/ 7 'J-JU'i^X 
7x- h Sffili^ :i .h^W* bVi. 

m&.±.<Dm^mx'$>'oxh^<. mti^/7;i^=^.Ji'*x7x-ht>?7A'=^;i' 

7^^X7x-^CD^g^tI. ^:y7xX;i/7j^X7x-hi:>^7xX;VAhX7x-h© 

±M=f ^y\t^mm (c) <h±iB'j>^b'^«^ (D) tom^^mom 
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m-^m^t. m^^Mj^-^ (c) w (d) ^u-^b. ^'^)u-)i^rMmt^^ 

mm (D) t^^mt^if'}^-)vmm:tmt^t. !f^)-:i-mwLifiBm 
x^xnm (c). (D) (DK^s^imt\^xm)Air^. ^mwim^^^x^xa^ 

z.z.xm^^^z.t(Dx^^^'^}n'-)\^tLx\t. n^ntzfm^m^xm^-t 

u^s ifmn(Dm.mmu.)^^^m (2) ^^yit-^mm (O t<j> 
-fb-^iiti (D) ^■yuii"jK^3^^iBiR#icjE-&b> M^-r^^yjm^z^-oxhm^ 
t^^tin^x^^, b^^i'> MX^K)^^ yit^^m (c) t^)yi\:^mf^ 
15 ^ (D) t;&tjRf&LT^'jn-;uii^?s©.s:ji&^fi£ti:d^. mm-r^cDx. 
i^^X'0)Emtm-\znt>n^z.tmi^L-^^o tj^or, ^i^j:<MtiTm'^^ 
n^rzif)iz\t. ^^yit^mm (o tuMk^tifi^^)- (d) t(D^n^n0 

20 ^fc. m (c) <h (D) t(DEmM.mt. 5 or.~2 0 0°C©mST-Mji&$ 

^ij3_;P4,X'j!jofiKCNT^5"iS'>'fb^%^^ (c) t^)y\\L^mm (D) 
25 h(Dm^m%\t. ^^^ym^f-^m^tLx. u>ii^co^JHt^<J:bTi. o~ 
3. o(D^m\z.h^^tmf'^b<^ •^^\z. 1. 5-2. ^xh^z-trnj"^ 
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*%igicfflv^e»n§, a«&^MOTJKjf£i;^^«i^ (2) tt, f fB-« (V) \z 
o ,o. 

/\/\ 

. Rio-O-P Ti P-O-R^^ (V) 

\ / \ /« 

10 o o o o 

Mb^tl^^ (C) m^^>r)V::i^>\^^^r-'^^ (I) tc*5tt§> R 

\ R^ R''*3j;^-u>'fb-&«^ (D) fflu>fb^#)^^-r-« m or^ 

15 T.) 

(V) •^^•^n^^i^>\\:^mt^)>\\L^m (m) (iv) to^Ejss^^ 

20 Wi.^ (VI) -eS$n§M^«t/«5 0K*%Ji!.±^tnTVi'5:i(!:;i>W 

•t^\zhfz^X\t. ±M(0^'^\zhX%fcmWiR^^^fm (2) ii^'jn-;!/,!: 
25 ^fe, ^ffm^K^&^i^Kti (2) <&^trir'jn-;p»f,, 
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A) t')y\\:-^m (5J^X7h^-h^k'&w (B) t.(on^m (1) "ms/xm-^ 
>it^m^^ (c) t'iyit^mm (D) t(Dm^^im (2) 'Sr-^tJiw© 

• :^mm\Z^^^T. 7}?UX7>x;U4^U.-7-*^\ ■rU'7:$';Wm<tX9"l'>i;7*Un- 
20 JU;&>^;^c§xg^k>xU7:57V-h^&±/t^i^0Mb*fi[<ht-^4^UXXx;i^T 

XXT-;i'^0[)^i^DigU#{4:O»?&S^a:L'T7 0 ^}V?6U±^^^'X\/^^Z.t 

o 
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5 X 2, (4-j3-t:HP+>'Xh:^'>7x-;i/) •fn/VymtJiEO^ 

10 . 

feT^Sb, ^SVi«^#^^>^:*;;U4?>®?(Dv'T;WPx;^'rJU<!:)ilfl3^i^^U a 
-;i/i©xx5=-;U2^j^jR^&t'J:DM-r^j:t'bt?^?>. fefcU, 
3j^>^cD>'T;wi-xxx;i/^M)^iL-, x7.T-.«i^Sj5&&^ift-r^:^?iiL 
20 tzl^m. ^#]!ii^;^j;i/7|^>^^raib>^xxx.MbS^&^ii-§;^^*{cJ;b^b, 

^^yit'^m^^ (A) X^i (C) (D-WBLXS/X\t±m^:L7.'r)V 
^^^m'^^m\zmii\ L', xX5";i/«;R/^:|4ii<ha^i^;Rj^MiS<!:0-::>(7)S 
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(il 6 0-2 6 or-W^LVi. 

x;^7";^oai^lI*5ft UT7"^7r57;i/i?^t;-r l^^iS'Jl/mv'^^^^ 

^mmmm^xm-^^ '>fs- <t.h\ ^mt^ m^^o^^ i .9 o ~ 2 3 o °c , 
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10 s«ns;it7&w^uvio 

15 ^UVi. 

±IBi:^'ft;9^^ 0 . 0 1-2 /zm©¥l^i[^«rWbTViS e: U 
<, 7j^ux;^7^;i'jj?UT->l3t, 0. 0 i~i OMfi^^^WMT-^^L-TVi^ 

20 jci^, mmvMti-xmm-^nrcumit'^^yiz&^r^^^yutt.nm^h 
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. xr)ttf^v<\to. 0 0 5-0. 5M*%-c^s. <i<Dmximf)nnM%^^ 
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20 mmmi^mmhm\ mtsmmmmibnmMm\z^^o mimmmmti. 

atSl 2~2 0%Tr^^o 
±|B(?55i^ U x7.r;US4XMiii^^i^ f j^t^Ui.TO:^t4lc J: 0 Migf § z.t:hi 
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Ximmmm2 200-450 om/^T# 6.nfc> t^^)jL7.^)u^mw^^^ 

0. oi~o. 3 0^m±yhLxn^::tti^i;t^o 

. m?L\t, m^^m^ 1000~1500 m/^t br-M.^^-^-o TctS^ U XT. . 
v-JV^m^W^^. M#W2. 5~3. 5^. -k^;; hmmi 5 0~1 8 O-CTM 

5-60% 0mm t-f^ mmt. u 

15 =25:75-75:25 (MS) ^OWSbVi. S^j^il&^^^tLTJi, 

o 

25 -^^ y >i/u >>'^-»Mnfe:?^j^«e>n^73^uxx5^;i/^Siii^^«-r^ 
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5-8. 0%. mmmomy^mmf)n'o%&.±.'^h^ts^)x7.f-)mm 
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10 ijX7.T-;K355-feM?5:S5l?Ux;^x;KDm'&-&Ta5«3T'bJ:Vib, IrIUjI^'Jxt. 

ummo^mov'^-r-^fs.E^^^. ^mmm^o. 5o~i. o<D^m> m 

-■13. Mm^m!^tl'X\t. -ry7i57;i.m^^^^^<£S2piLT8~l 5^: 
25 mz^^o jSW»ro»7KiR«ITO, U^\^<\t2. 0-6. 09oT«.S, 

43t.^T§i5^M2 0 0 0-4 0 0 om/^^T?ii:?o> ^mtcMiiJas^lifebfc 
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5 J;D^f*L<t^l 0-4 0%Ta&§. 

mmm^^^\zmmzu^nrcmmtt:h>itf)^x'^^o v^^h. z^utm^x^t 

15 Mmm^m^^M\z%rcib\^. mmiz-^-^jiT.huy^mmm'r^o ^rz. m 
mvrzmifsLmwmf)muizm-^n^ ztiz^-ox. i^mzi3.\^mibxmnrz^m. 
m^m^m^n^ z. tifit>ti^'Dtzo ■ 
immmmcommmmmt o. 05~3. sdtex. W}mmm(DW-^m& 

UO. 55-15. Odte xX^^Z t^m^b^^o l^fz. 

20 mmMf}^. miii^mmm(D^mmmm^K)i^^^ctf)m^L<. ^<Dm^. o. s 

, f)-^f)^^mm(omtt^zt\z^K}. zMtmutx;7V>'f(Di^^'^(Dmts.^ 
mm^^mvxmmti:2mmmm^^m^-^n. ^tz, ^t)mmummtMm 
mM^^izi&nrz^^t)mibn^o 
25 ±wjx7.7^;i/STOig«ii> mi\^mm%timmmmtm%m^mLx 

yf-^^tt^-Dx^^mmmmt^^mtu^'^-t< , mizm<u'oM€^tmm 
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:{^^m^ibnm<um\^\z^^o -15. ?ii?ijis^^^2ooom/^*»«^ 

z.(Di:.^tmm^n-^nm^mm^'m.'^wmzii\^x\t. mmrnm 
m^x^\^^ m.'^mm^. nimm^wm\^xmm^m.^^ z.t\z^y) 
, »7Km^^o. 5-8. Q%(D{m^^^%^^i:.ifix^^o i^mt. 

-SISgbfcMSSgtcaU, WMJi^^Mb, »7KiR»0. 5-8. 0 

v^o z.(Dn^ ^mmt. m'^mm.^u^^^^^xhw^^ti^ 1-45%© 
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mmmf^ < . j: d u < i ~ i o % ohist^ ^m^f)^ i % ^mo 

ZLOl^. t:-i5^-iaS?J*l 8 0~2 8 0t)5&W*b<, J;Diff*b<«2 0 0 

7.v-}v^v^y Y^^iii^om.'^m^um-'ibmm^^^ 1000-4000 m/ 

^^mg^3 0~1 0 O'CCD^ffl, ^•fe7hMm^l4 0~2 8 0t: 

mzm^t^t. M#T(7)8!f^^> ^g^^^^^'^OcC^o ji^ii#^:^,i^6 5%<S:)S;1^J: 
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( 1 ) , >'^M7C^'^W*> 'J >7C^-^WM 

(2) mmmm 

(3) m^^ 

15 (4) ^S^^ 

(5) »tt 

^WJ4~io, itm0H'^5\ziii-f!b^mmt:^<Di5mxm^vrco 
m^^^^t (1) (Z):^feT?i^bfc, 

(6) mymmm i%) 

jis L1013 8. 18. 1 Bmzmuxm^vTco 

25 (7) mmm 

1 2 2 5/2 5 0 OmNX 9 X^^x^yii7 7s (5 Omg x^^x--.'^ ®5fi 
:^^;!)HtT.^-fe:#t:-#lXO. jii1]3300dtex (SOOOde) (Dtl^^i'^^ 
, A-fef^iWt. .t>-t:(D-ySl-4 9/2 5 0 OmNX 9x^^x^:^::7X+4 9./ 2 
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5mNX 9X^^T-^>^X (2mgXS^7'z:-;H-2 0 0 m g X 
) O^M^mnbl^mm^om'^LO (cm) SrJRa^-r^o M^T, 4 9/ 
2 5mNX 9 x^^T^y^^X ( 2 0 Omg x^^x::^*-JW (O^M^^VTC^ 
mx\ 1 0 0 ^<D|^8i7j<ff' \ZX 2 0 ^FbIMS-T §0 ^7KMS^t 4 9 / 2 5 0 0 m 
5 Nxdxm^f-y!77, (2mgXg^xn-;i/) C^^^S^^I^SU, 2 4TOiS 
J^X^I^^-Tfg^^iit^o a«j^L;felS!^lcSr)^4 9/ 2 5 0 OmNX 9 X^^ 
'ryi^X + 4 9/2 5mNX 9 x^^-y^T. (2mg x^^xr:-JH- 2 0 0 
nigXg^7=^--JU) <3!)Wa*#Jnb, l^fm7l^^(Dm-^hl (cm) §SiJ^ 
•t^o ^V^T, 4 9/2 5mNX 9X^^T-y-^X (2 0 Omg Xg^x~-Jl/ 

^iSt^ (?o) = [(L1-L2) /LO] XI 00 
(8) imm (dr/m) 

jis L1013 8. 15 

15 (9) XhU'^;/^"^ 

5 cmX 2 0 cm<DUmi^^. g«j|3^^g#^5l5St«i^^=&fflViTTOM2 

0 g ^^^-fX-Dfj^^mm^^ 1 0 c mtc?^'l> J; 3 (il*li^>i-<&'S>75^^.> §l5g^i? 3 0 
cm/mi nTl. 5 k g^^^S^T#«bm E-fe{c|WliiJgTfe<i:OOTfC 

20 iitLTz'^. m.t>izWM&Xht<D^m\zm't^Wl(D. WSSm^Lcm (0. 0 
lcm*i?) tt^t^. :k^xm:>-^n^o 
ST= [L/1 0] X 1 0 0 (%) 

(10) iSi^iKt^ii, y u >7 iS^-^i^ 

iiiiS^^ii'i 1 9 2 */ 3 . 7 9 c m, ^ 1 4 4 * / 3 . 7 9 c m(Dm^mzmU 
25 t, BiSif#5^{cJ;0, iSW^ift (me>;OKi!«!iM. 11^^ 

(11) 7j^U-7-P±{±i«^ 
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(12) (fla/i o«m) 

. %^^^tH^M#*©^JiS^»-^^tT, 4 0 0m/'mi n©jia!T\ 4 2»#F«1^ 

10 ntc^m(D±mmmm^ i o «msfc o Kmu %m^t t^. 

ijn-JV^tK (^B^) ^^'T^^ !l<^^?i^^ TTBi^t^J iilllSfB-r?>o 

'J yit^mmm : 

20 ^(D^\,ZX^\^>if^J:^-}^Q 5 6 g^An-CMi^L-?^^:^^^^) 1 0 CC^TJO 

25 ^\^m^ 1 0 0°CtC«3>hP-;i-t-?t±l3cDPl^^ a*)6 9 0 g) © 
^»Lfc^, 1 0 0°C(OMT 1 P#f.1»fmb> 5^:5^ ^-fb^tli: -J yit^m 

tcDKji^^^^B^'^rz, z.<Dm(DTBmmt? immtom^mmts ^-^ym 
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aWtlT^iSHfcCllTttitltbT^ffibifc. OT, rTPi-2. OM 

. C-13 CP/MAS (TO^7 5. 5Hz) ^iS'>Th7>^h 
:^>'H(Z):/h^'>HS5l50'ira."^i;l'V'7M 4ppm> 2 0ppm> 3 6ppm 

\:^-^(Dm^mm^n. ^fc, p-31 dd/mas mm.m2i, sh 

z) '^^5|5:ey ^>^U;^:^7.7x-bT1t^¥ftbfc^;V^^/rfcfJ:^5:^;^v• 

i^-&M<^<i:UT. ±B3-r(^^bfc rTPl-2. ommi ^3. 3 4m?^Lft 
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5 z.(n>^vv %r7mm 2 0 om/:B^T«uT#e>nfc9 0 d 

tex/2 47^^;<>h (Millil^3. 8 d t e x) ©>}?U X7;r;U¥^# 

10 Ufc5l^'JXXT-;U (H^iittm: 0. 6 4 0) (D^VvV^W^^^^ 

-t «y 1 6 CCTW • ift-fe^y h bi^c, »7jciR^^ 1 5 %mm% 9 
.1 d t e X/" 1 5 ^^>- b (Wl«6 d t e x) 

15 « 7 %0TtC, JESm7 8 4kPa> 4 0 Om/^O)^ 

f#e,nfc^^3Sli&Sil$^<f55t: 1 2 0 0 T/ M C 1 5 3 0 0./ (d t e x / 1 . 1 
1) ' -2 ; d t ex=l 8 13 JcMbfcM^&i^l^tCfflVi. 2/20i^$ilT 
, «^M54 2. 2*/'cm, i^2 1. 9*/c ^l^bfco JIO^^S:! 

20 oor.-^2o#MU^^7^;^u -y— ^:n.^-u^^it-i'ckO h^y:/?a^i 

2 0'CT-4 0:J>>J^'y^Xb, ®$£^:/k-fe>;/h-e5te^i^. iitlcm^ii-TjJt^?> 

13 St:, 6o^^KM*ffv^^ tt±frffc, #e.nfc^fiTOM^^S:^ii- 

25 i:b» 1 
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5 \mm2 

0. 6 3 0(D7}?UX5^VVxW^W-bt, utiles V7^Jl'm=£ 10. 0^ 

10 sM^iis^^^^L.. mm^^^-^^zm: 
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SbjOa 
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4-5 
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5 




4-5 
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b;^^)^>^'^xxT-.«m.w^iim hux^;^*;^*yT-fe^-^ (tepa 

20 ) 0. 0 3 5SI5^»U> X7.x;^^l^^)t^^^T^■tifco . 

^0^, Kf&^^Wm^^lglC^l^^ 2 9 0T:«#MU 2 6. 6 7 Pa 
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11(0^1/ h^W^ntL. M^iilSS 2 0 Om/5i-T«bT#e>n/t9 0 d 
t 7^>h i^WmWiMS. 8 d t e x) <Dt^^)X7.f-)V^mW 

U^c>}^UXX7^;V O^i^m: 0. 6 4 0) O^W>;/ b^III^f^U, W^M^l 

0 Id t ex/l 57^^>^>b (^illllliiS^6 d t e x) ^MmWrntL-Tco 
m A- 7 ^ - H« 7 % ©Tid^ ffiM 784kPa, 400 m./:^05i 

nibntc^m^^nm^^ 1200 t/m c 1 5 3 0 0/ (d t e x./ 1 . 1 
L5 1) ; d t e x= 1 8 13 ^zMhTcm^^mm^zm^^. 2/2<Dmm.m.-^ 

, ^m^&M42. 2*/cm, ii$2 1. 9:^/ cmUmWtVTc, ilW^^Srl 
0 0'CT2 0#^«U^y^'XL, it- ^:x^-'J7i:7it- hy^m^l 
2 0 "Cf 4 0 :^ U ^ y X m^^y U-fe >y h T^^m^ i^ll W^i3-T56^ 

20 13 sr. 6 o^PBim^^tft/^, f±±tf;to #e>n«6^cDifMm^^2}c 

mJ-^y (TMT) 0. 0 1 6^I5«HL';fc^:^£il^(*l^<t<^^f^*fi'o^-« 

25 bnfc^fe^c^Wtt^^^* 2 iC^To 
h U U >:/ hm^iJ' > ©'&^:^?* : 
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mm 4 

jbDbT2 9 or.^T#?ab, 2 6. 6 7 P alJAT(7)i«*^lCTa^'&;E^&^tTo 
T4?UXXx;P (H-WttS^O. 6 3 0) m :itl^^^{Cti!Vi^l/^y hfbbfc 

SWiffiigo. 6 4 0) i!:tiS^j*fcti!Vi^i.-y Mbbit. c:ne><z)^u^> 

2 13^1". 
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5 






mm 


TEP A 


TEPA 
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mW^Mi^^O. 6 3, 0. 5 5, 0. 4S<Dts^J:r:-^U>y^Uy^U-h^Uy 

±mr^i^brc FTP 1-2. ommi m^^^ lei^ommmr-uy^jv 
10 AM-y-^r i^m^zm.'^mmm^ (mwrn^mm-. 2 s o-c, ^iss^^ : '7 0 p a 

• sec) b, ^gtji^l 4 5 0m/':J^'T#*l5lom ®#^&^2. 4^, M 
';/hb, 11 Ox'>T-^yi577;2 4 7-Y^><>hOMmil^^#^Co 

/t^C^j-^ HStfJc:m-&^ifi«&^ (^iHi^^Mm : 2 8 5*0, ^iHlitem^ : 7 0 P a 
•sec) b, ^rams 0 0 0m/':9-T#^giofe^, 70dtex, 24>' 

ho^i-&iii^i&#fco nihnfc.m.'^m.m^. 23 ox: (mmmmmm 

#e)nfcvlil^til 8 3d t ex, 4 87-<7;<>h, ^^m^S^^/mXh 
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mmmm^mmtm.(Dm^^v vm.^^ 2 3 ox^ti^^ 2 5 o-cic, mmm 
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6 






1 6 


1 1 


2 6 


1 5 


mm 


3. 0 


1. 5 


7. 9 


3. 0 
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1 9 


3 0 


2 6 




m 


m 


m 


m 




m 


m 


m 


m 



\zm^^. 0. 0 7MPa(Z)Jnffi<£tfVU 4 0'C/&^e>2 4 0r4C#Mb;5:;&«e»X 
7s'r)\/^%WJ^^-^'^fd^^ hUX^'^l'JJ^XJj^/T-lrT—hO. 0 3 SgPSr^tPb 

10 o°c*-e#Mb, 2 6. 6 7 PaOT<^iSS^i3Tmii^jKj^i^^tTVi, -^-n^'n 

mM<Da^JglC3iL-fcMTJKCN=£^TbT> mffiSO. 6 3, 0. 5 5, 0 
5^U>i^U:3-;l.7 0g|5©ii'&t|{C7^h^-n-:/5";l/5^^'^^-h0. O O 9g^ 

mii^^mj^^'^&^t IX 1 0 'i:)v%^m'^-^nrz. m^^m o . e 3 u x 

±IB-r V 7 iS' )Vm^M^-}f^ U X5^ 1/ U- 7 ^ I' - h .3^^ U XXxJV©^ 1/ <y 
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:^'&a*j:b5 0/5 0 hvt-i'iJ-^ m\zm^mmm^ mmm^um 

: 2 8 O'C, mWf&MM : 7 0 P a • s e c) L, PmMmi 4 5 Om/^^-cm 
5 >ybm2 3 0'Ci:UTM#. ^-feyhb^ 1 1 0-r->x^yi^7. 2 47^ 

jt5 0/5 0 hv\wit-r (m^^ia^ : 2 s 5-0, 

10 mm^mm 7 0 p a • s e c) mw^ms 0 0 om/^^-T^^Bit^/s:^, 

3 or. (cia^ufc#^MMxu>y ht-i5'-tc®b, 

3. 5%, mT^^&4oom/^izxmmm^iBim^mumtmmtL^ mm(o 

15 mS=£]6SbJi^^ofc. #e>nfe?^iii^Hl8 3dtex/4 87^^^>b, 
3 5 ir /mX& o fee 

20 w> mi^f^immymmm tmmmm 4oti^r)r^orc, 

^im^^^zmnx^^Tc, 
26 mAmmm^mmtmm^y 2 3 ox:-f)^^2 5 o*cfc, mmm 
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mmmi 0 

mmmm^> 1 lOd t ex/2 47^^;<>h*^e)5 6d t ex/1 2 7 
10 i:b^!l5 

ttiii^^, 0. 0 7MP aojpffi^tfvu 4 o'C7&^e>2 4 ox:.ic#jab?^tj{>?e)XX 
7-.JV^mRji&$-&fc'^, 5 6 m«%ii^<^ u 0 . 044 a»gB«:^jn 

mitr.ry^^'&y^mzmtm^mwi^x 2 9 o°ct-emib, 2 6. 6 7 p a 
^TomM^izTmrn^^Km^n^^ ^n^tmmcom^mzmvrzmf^x'Kits 

x9-u>ifO:n-)V7 o^toW^^iz^ |^i?;^;u>">A-7K^tio. o 6 4^ 

±IE©llW}h5^0. 6 3(D7j?UX5^l/>T-l/:7iS'U-h(D^lx«y b<h^ 
iS7;U^#^fi-a->J^'JX5=-l''>-rk7^^-h%#UX7.T;i'0^l/<;/ hi^fflVi;t 
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m o m. m 
mmn^m (d a^^^ rmm (a) (b) : 

10 (A) (a) TIB-IS^ (I) : 
0R2 



R'o[-Ti-o]-„R^ ( I ) 



15 OR^ 

(b) MIB-IS^ (I) ©5^i5^>7^n^vH<i:, TfB-^^ (D) : 



[±l3iC (E) '1'> ntt, 2~4 0»'&^i"] 
(B) T8B-«S^ (ID) : 
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mL. ±12^ (m) 4^, R'RrSR^t. ^Mnmfi^mmz. i~4 
5 m(Dmm'¥-^^t^7)\^^)vm^^\.. xu. -ch,-^^u-ch, (y) ( 

mB^mmm^ (i) mm^^>i\^^mm (a) \z^^n=^^^>7€ 

(i)RU^(ii): 
1^Mp/Mt,^15 
15 1 O^Mp+Mri^l 0 0 (ii) 

WfBSf&^pSt) (2) Ti5|jg^ (C) ^TS (D) : 

(c) (c) mm-^ (I) tcj:o^$n^5^^>7;un^i/H, .w^ 

(d) MIB-)^^ (I) (Z)^iS'>'7;i/i3=^> K.i:> MI2-fi$^ (n) icJ; 

(D) TIH-K (IV) : 
(R«0)p-P-(0H)3-p 

II (IV) 

25 O 



Patent provided by Sughrue Mion, PLLC - http:Hwww.sughrue.com 



wo 2004/063441 



PCT/JP2003/016755 



42 

2. MSHMt^fflig^tl (1) <Dm (A) RtKMi3MmffiR^&4^4& (2) © 
]^^^ (C) CD^>«rt3:feV^T, 5^:$'>'7;i'3^v'H (a) Rr;^i57>7;W3=^'>H 

5 (c) o^^t. -m^^ (n) '<Di^mm^mti)vt^>m^rz\t^(Dmymt(DR 

3. iliaMSfflSJiS^^'fe (2) l^:J3l^>T> m (D) (DfiK^J- (C) ICMf'S 

Kf&miti)^. 0,^ (D) i;:"^*n-S'J>'J!g^o^;H[©^^i- (C) lc:^sn<55^ 

10 ^>m=!'(D=f:)Vm(Dit (P/Ti) IC^^UT, 1 : I'-S : 1 ©igHf*0J3*S 

4. MIBWffiSJ^^^M (2) l'fflV^^,n^-)3g^ (W) OUWb^W. 

x;ut©x7sx«ilJK;S{cJ:o^a$nfei^xxT;WTab5, W^oiSH^i 

v-;i!j >mi!}^ ^m\tn. Htii37;i'^ u>^^jn V > y u □ -^u, 

'J 3 -.)|/. ^^^^ii- >>t5^V>^U3 -)VmS H X* 5=- V > U □ - 

m-^ m-^o^w^ i ~ 5 JSoviTn75^tci2«fe©7}? ij x;^'r;u^iR^ 

25 

8. 2fll^(^iii»ViTnfc, 2®^,C07}?ijx;^xJl'4^U-7-/{;^1t< FAWit 
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0 0 0-4 0 0 om/m i nT^iff^t), ^tnz^mmm^mvrcwmv^^^ 

11. faiRiSi»io#iiMit/5/^'iiM»so^niOfe immmm 

O^fmmmA^O. 05~3. 5dtex> i^JKIIiS^tco^illiliE^JJ^^' 0 . 5 5 
-15. Od t exf^D, ^Oi^^jO^O. 5d t ex£;±-ea5§. 
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(54) FLAME-RETARDANT POLYESTER FIBER FOR 
WADDING 

(57) Abstract: 

PURPOSE: To obtain the subject fiber having flame 
retardancy and excellent softness and smoothness by 
treating a flame-retardant polyester fiber copolymerized 
with a specific amount of a specific phosphorus 
compound with a silicone-based softening and smoothing 
agent 

CONSTITUTION: A polyester fiber for wadding having 
excellent flame-proofness, etc., is produced from a 
composition obtained by compounding (A) a flame- 
retardant polyester fiber containing ethylene 
terephthalate as the main constituent unit of the fiber 
and copolymerized with 0,3-1 .5wt.% (in terms of 
phosphorus element) of a phosphorus compound of 
formula I (R is saturated, open-chain or cyclic 
alkylene, arylene or aralkylene residue; is 1-6C 
alkyl. aryl or aralkyi; residues R and/or may contain 
one or more hetero atoms, especially F, CI, Br. 0, etc.; 
R2 and R3 are 1-1 8C alkyl, aryl or H) with (B) 
10-85-wt.% of an aminosiloxane, (C) 10-85wt.% of a 
terminal-hydroxyl polysiloxane containing hydroxyl group 
bonded to terminal silicon and (D) 5-25wt.% of an 
alkoxysilane of formula II (R^ and R2 are alkyl; R3 is 



alkyl, etc., alkyl substituted with one or more reactive 
groups, etc.; (n) is 1-3). 
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JP91 19051 



Title: 

STAPLE FIBER NONWOVEN FABRIC 



Abstract: 

PROBLEM TO BE SOLVED: To produce a staple fiber nonwoven fabric excellent In 
mechanical properties. SOLUTION: This staple fiber nonwoven fabric Is composed of 
30-90wt.% of the major fiber made of a thermoplastic polymer and 70-10wt.% of a bmder 
fiber constituted with a polyester satisfying the followlngs: (1) 7-70mol% of its aromatic 

dicarboxylic acid component is phthalic acid, 70-95mol% of the glycol component is 
ethylene glycol and 30-5mol% is diethylene glycol, (2) the sum total mol% of the phthalic 
acid component based on the total acid components and the diethylene glycol 
component based on the total glycol component is 16-110. (3) the intrinsic viscosity is 
>=0.35, and (4) b-value is <=13 In the color tone measurement. 
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% ) i: 'J rJ "iVWLWmth 'Jx^ W y / 'J 3 

co^^ujt t(Dmmf}n 6-i i ot;p%-c-j> 

( 3 ) ffilS^AKi^' 0.35 W±T' * I. . 

( 4 ) fei)ilta(i*n 3WTt'^)l.. ^!\^^1tfi-^<*A^^> 
>S:?>±(*ii*i3 0-9 0fift%t , Tie ( 1) ~ (4) 
^mfi-i'^^') xxT;i-^-«PKi: LXffM^n/^ 
V < -f y ^-iiilli 7 0-10 y. WnS ^ ■ ^^'^ b'J 
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/PK^^t* 0 , 'J 3 -yHiit^iT) 7 0-95 
xf-l^y/'JrJ-^l'. *»o3 0~5^:;l'%3!^vX'f-^y 

<?)t;wtt (^/i-Ji) fc<'>E*i5t)«l 6-1 1 Ot;w%T'*) 
I). 

( 3 ) 0.35 m±X'J) !> . 

(4 ) feirabffl*n 3WT-C-S)I., 
[0005] 

±ia ( 1 ) ~ ( 4 ) 5:)l&i-i.jK'JxxxyW (WT. 

[00061 *%BBl-*5ttl>jKUx;^r;l'A<oll 1 ffM 

mi. ^#ii^v;!/^l^'-n>®)^<.^^^7~5 0t;k%*%* 

7 0~9 5^;w%*^x^^>':J^'-^='-;u, 3 0~5^yl/ 
•^v^*5 7^yu%*ilt'S>l>i: . ^'JxXT;UAco®:^kffl 

ti7 ^' ;^@g^0f|•^V^2: 7 ~ 5 0 ^ . ntl<iil5 
b. ;K'Jx7,r;l'A<7JiSl«Wt^iSHi'l4*''®T^^» - 



ifltJ)^. ) fc. ^uxxT/PA<7)®;-(k^**2 0 0*c 

tti. 'J a-^Hj^^^t^x^i^ y/'j 3-/i^/i^'x^ 
Vy/U3-;K7)Si|^^^?:7 0~9 5^:/l'%/3 0~5 
iff*L<J±8 0~9 0^:;U%/2 0~10t;P 

[0007] <XtC. 2|s:%BHtCt3(t'2>^'JXXr;J/ACOJg 
I, vxf - y U 3 -;KO^;PJt ( ^^i^^ ) t 

(-r^t)*>^»i^«'->&Ei»-rs. ) 3!)«i 6~i 1 ot 

k. ;KUxXT;l/AiO!|$:«JS*^2 0 0°CSrm-Cft< 

::co|g«*«i i Q^)V%^mtht. ^'Jxxr 
;UA<o«C-(kiaK*«80'CJ:'5ffi<'5:0, iO^KUxxx 

fcO, J>l.v^{i;l?'Jxxr;WAOf-'yr^?rK^S 

/cO^I.. Uc.^^'-^'-C. *%BK't±. iJ^g«S:16- 
ll0t;i-%. »^L<{i4 0~80*;i'%fc-r5. 
[0 008] 2ti:^HBt*3ltl.^UxXr7l-A<7)^ 
3 <7)mii . WfAS*^" 0.35 liLht'J) I. J^tcft i> . 
«a]g*^'0. 3 5*iflf*>l.i:, i(7)7KUxXr/l-A 
mmmh\.zn LX . mz4i U xx^yu a ^r-lSBfe 

(i. WmSA^'O. 3 5ah. *f*t«iO. 4 5eLh 
[0 009] ^hl^Z. :^WBziHth^V:^^Tli^Acr> 

pbfa*n 3^miht. iic*jxx7-)i^A^m\'^xwz 

{i. -feiabfi^l 3WT, »^L<lil OWTfc-rS. 
[0 0 101 ::^7)J:a^^Uxxr;^A{i, mx.\£. vfi 
^ffl)ttJnii§ixS**'x-c$i|ff$n/ix7^r;HbR)iB 

^f-t-fx--, iE7]<7^'/i-ig kx-fvy^'' 
r3-;Ut 7!)^f>#'tx7.f Ml:RJfciK!li:T-V7 ^'yUSt 
x-f by/U:}-'i'i:*^f>#''-xxir;HbRJ£!t%i.Rt>'i'' 
x^l/ y/ ij 3-/L'WF/r?gffiS:ffi-&)x£-iBt:?l3S L , fi? 
•SlcJ; 0F/r7E«Mttffi<7)3,t°'J X7.r;^*■'•^#f,i^4^ 
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[0011] ^%mzmhf<-^ yym&>t, iii^^) 

•C t> ±xE Lfc J; a tc, 'J A A^««:fri*n(-- 

mcomi^*-^^^ h t , immrMm-h ( zx-^i , 

«^A^';K'jx;?>T;WAt'3fe-2). ) 

u- y-f 1/ 7 P - b U T'f-U' y r 7 rJ' b 
,-K>jxXx/U. i-^aye^i-^vy6 6m(O^0TS. 
Y. ;K 'J xf-l^ y-^^K y 7°a t' Ix t-ft^^ ili. ^ 'J 

Wf, ;KUxf-^yr^7:J'^-h€:Sffl-f S'^*^* 
[0012] #^BJ(cfc{tS^NM y^im<om^fe«l)^(i 

J;0»it<li2~4r--^W-CJ>l.iO*Uv>. 

i<o#^fe«iJgA* 1 T--'^*ii■C'^)l. t , 

ymmmm-thiz^,Lxmmm(om 

[0013] *%0fllct3lt«.±*i8*tt<ofRWi. 

Xr;UAi:Siitg«*^'^fig'5ria^^ttfia<*"^'i*'>^**^*'- 
ti- t <7)t-{i^ < . W 'J X f - 1^ y r W 7 

^_ |. j^^tc U 7 f- u y 7- U- 7 U- h^O;K U XX r 
-}Moy6-^-)Mny6 6?;«.v%{i->Moy6 10 

l^i');^ ij r S H , ^ffi'-K 'J X -7- u >-^-'-t: u rn tv y 
l,ziW< $ n & ;K ^ W 7 y ^*^Jjiiffl'i'Ifjtt-£pj i. ^Z' . 't° 



•jx^l/yrW7:5'V- h^jKU 7'f-pyrU7^'W- 

[0014] :^m<owmT^mm±. mmsimm 

■^>fe^rl.±*8»t3 0-9 Ofia%fc^'JxXr/P 

A-c'j^BK^nfvTAM yytmi o~i o«4%t*^'^« 

^$tll>t«t:-S>l>. fcSV^ti:, ±IB±*il*83 0~9 
0M%i::KUxXT7WASr-^ia^fc fCJ^^^ti 

J XXT/UA*^i!att*[6]tC3l^-ri. fcftl^^ 

0-1 oai:%k*^A.«^iT.^t<OX'J>2., *%Bfl<^ 

>p«iffit:-(i. iJB^'^'f yywtffil o~i oM%<oe 

HT••l¥«1-•?)^i:*^'^^^ST-^>s, y^^$i*''7 oa 

yymmif i omMx^mx-hh t , ::^o^^t5::f^L•c 

±#i«iit|a|±$ridg« LXBmUzT-mmzii\.^X , tS 

^^BBT'td, ±*ia0i/^^M yywm<7y^it (MA 

it) S:30~90ftt%/70~10ai%k-tl.o 

[0015] *%BB<o5iaE«T^^*«i. <>:c^*St i 0 

bi-h(r>ifiX\\ ttz, mmi. 3 0-8 0mm, if 
tt<{i4 0~6 0mmgSi:-ri.WA'=<}:V\ Wi. ± 
iE;K'Jxxr;l/A^'>^r< t i,-mm*tthJ<^ y 

mi±i^Wim(7)^-^bmmmi,z lx^u y^mui^ 
B£-rs, <x^^x. n(:>tifz±.M±^mii^^utL. z 

c^mmm . ^^m<^myMzmtxm'mw.tixiix 
VK m. nhtitz'y:i^ri,zP>:mmm.^Mmmimv^ 

^$Wm "km-fZhiz^-oXriAy r aSJi $r f r L T ± 
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[00 16] 
[00 17] 

a-^toi*^ cc) : j-^-^yxiv-r^mmmM^w^. 

mD S C - 2S^fflV^. #va«Jg2 0°C/^^Tii^t 

m^<r>mu^ CC) : ffiP*ttssiij^.ii£^SA 

M P - 1 a&fflv^ . #S3Sffi 1 0'C/-^T'y U n yrS* 
fflivjis L-1096 tclEfi«>?. h 'J ^yrffit L 

*51 0 OmmO^mi OfrSrJPfiit. ^ISmtiS^ 
2 5*C*^o?l?5aSl 0 0 mm/^T"5!l$gt-CS::»C^I5fi 
•)3£:>] (g) #'bix/>:#5l3gO?fi^ffiOTi^1i 
&iSi|s|1i2 5minT«tT. ^8ii^i«o5l3g03S:>] ( s/ 

2 5mmiti) k Lit. 

[0018] mmm i 

"jn-zKUHT. EGkB&f^-x-r.!.. ) tt'^^j:^:^^y'J 
J jttf t $: fi X X TVl-^bRJE-^Sl^SA 
L . mi±Tt« L>5rA^ 2 0 0 °C , 5c;«if ?aS 1 

3 0-C«7)*ftTt'. iB)t^?.7K5rRK^Wcl^*t'3-5 

5 B#R51x7.f-;MkS:ie5r^f I' ^ . xxr^W fkEK^A^' 9 5 
fMt. fx ( ^ - 1 Fn-^ v-xf- 

xx^Mtm^.i'ZMt. rb7i?/Hg (tJT. TP A 



yuikJi 1 / 1 . 6 ) immi>tmi. m.2 5 0 

•C. rtBEO. 05kg/cm2 Gc7)^frTt'}§WB#fBl8 
B#rB»$->t. xxrMl:RlG$*^'9 5%t7)RE<t)nS: 
#-t. iXt^-^t', ^|^)iX7tS:fB^'fS.t/^a5rSll;^L?t 

9r:Ltz't)Ht<0i^^'^-i^yy^J^->^ (OT. DEGt 

m-i-l . ) t fifiS^iiiiKfc tt oHS^kT y^t y 2 

SWSig«r3 0^Pat'2 6 5'CtT'#iSL. El&^m 
6 O^^f^lc 1 h~)l't:Xfl<z^j:i>iX'm^ i^zmtfZo 

m\ «iC5^L3tia=5r3JK'Jx;^T-;i'A^^7t. n 
ji>ii3t3^UxX7^;l/AC7)#ffl^#tt$r* 1 ic^-t. 
[00 19] mz, ±iBt1#'^ix/c3;K'JXXr;UAO 
■?-77-i:. SIS«iE*»'0. 6 8, mja*^'2 5 6'CiO;K>J 

2 5^?L$ titzm^^UX-^^M t , Ift^aSi^ 2 8 0 
•C. ±iBri;KUxXT;l^*^^:ii-. iKUX^VyrU^ 

{± 1 / 1 :i , isttajft^ 2 5 0 g/^t Lxmmi\^ 

L. ISaiSS^^J^aiUd^, 51§lR03lJS5r80 0 
m/^J-tfC^I^JRD. ««Ut:*«?107yTX-;K?)* 

*itU>:f^, ISSiSliffi^ML. ^^5 ImmtWUT 

^i2f^o-7®^*^S^fflV^. Mi^^JKS: 15 0m/ 
^J-. ^l^ao-7iaS$:8 0''C, SI2Sa-5iaSS:^ 

iS, gsao-^oja^tsttsiiiSD-^iojgjS 

^^-^iiC^ 1 8<i/2 5mmi: Lfc. <J:v^f . WSM^^ 
L!t;KUXf-uyrV7:7L'-Mi*8 (ftS 5 Imm, 

It/AM y^^iiScom^Jt (MJt) 5:7 0/3 OtL 
;{?-H^*fflV«Li:'^X7-S:}B)tL, m. 'l%hix 

tzryj:y'i,zmMm:^mmi:m^\ ox:. 
t[m&f^<^^ 2 m/'»a)^PFTX'mm!im^m-t:i 

fclcl-^TVNM y^^«i^t^^^L-C±{*«I3]±?:8!iJif^ 
^fSiig^S-tt. @WW5 0g/m2 cO^JJl^t^^ 
t#io*i/i««i6KI^»atn<^?15fi')®:']?r«lC 

KJiEtl-^^-'aClSi.P A, TP A. EG, ^hlz^t^ 
COOTC^'I.DEG. diX^c^^Mb. &U^VW>'n« 
i|lt<7)?Pf^il: ( ttSit ) 1 t-^p tfc X 'J L/c^:J, 

Wi, mmmitmimzix. aww'sog/m^ 
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[00 2 1]^!fiW9 

)uyymmcoz&^tLxwmm^o. eo, saus 
mi. mmm 1 1 m^ztx , mnm s o g/m^ « 

[0022] UlifeM 1 0 

t±. ^ifi^JlfcPimcfC. @ftW5 0g/in2 (05® 

lit . nw^T-m^(o^m o s:^ i i-^'t . 

[0 0 2 3]|IJfi<JlJl 1 

A^yi/'Wm.<OlS'mtLXWmBlti'0. 15. MM. 
2 2 9 "CCO^ 'J V' >'T 1/ 7 1^- h 5r fflv i t 

[0 0 24]^i5IJl2 



m^it (Mik) lii/n i: u^ii-Wi, mmmi 

t LT . @#tt*^' 5 0 g /m^ c7)M^^^^^S: 
t. 

1002 5] j:b^ll~4 

RlE^^-^atfSSPA. TPA. EG. ^h\iZAtu 
Wi. IISfif?i]li:lBl«t-Lt. BWt*«5 0g/m2 

mm^wmwz. i#<bn^c3;Kuxxr^wA<^=&ffl 

[0026] Jt!KCT5Rr/^6 

^Wim^zm-hf^^ y^aiSMtOji^it (MftJt) 5 
fifi% (it^lS) . 8 0M% (Jk«S?ffll6) kLJtJa 
Wi. »lfiWli:|5l«tCtT, aWW5 0g/m2 

[00271 
[^1] 



PA/tPA/BG/BBG 



mWJ 1 35/65/75/25 



25/75/85/15 
40/60/95/ 5 
50/50/90/10 
25/75/93/ 7 
80/20/80/20 
15/85/85/15 
35/65/75/25 
35/65/75/25 
35/65/75/25fi3) 
35/65/75/25«£4) 
20/80/95/ 5fi5) 



it«(f^J2 
itAS!(^]5 



0.57 
0.62 
0.58 
0. 61 
0. 63 
0. 65 
0.56 
0.40 
0.57 
0.62 
0.59 
0.63 



90/10/70/30 
25/75/65/35 
12/85/9a5/1.5 
6/94/98/ 2 
35/65/75/25 
35/65/75/25 



m 



115 
139 
lU 
108 



U5 
109 
115 
LL3 
115 
117 



Tg 
"C 



0.45 
0.28 
0. 61 
0.63 
0.57 
a57 



45 
69 
191 
211 
115 
115 



Tc 



33 
45 
66 
67 
57 
57 



180 



To 



^ ^ % 



6 

13 
6 
6 
7 
6 
7 
7 



PBT 
PBT 
PET 
PBT 
PBT 
PBT 
PET 
PET 
PET 
PBT 
PBT 
PBT 



219 



PBT 
PBT 
PET 
PET 
PBT 
PBT 



70 / 30 
70 / 30 
70 / 30 
50 / 50 
40 / 60 
60 / 40 
70 / 30 
85 / 15 
35 / 65 
70 / 30 
70 / 30 
70 / 30 



2Z45 
2310 
2920 
2999 
3001 
2753 
2184 
1998 
3211 
2313 
2221 
2134 



70 / 30 
70 / 30 
70 / 30 
70 / 30 
95 / 5 
20 / 80 



2020 
542 
499 
385 
259 

3018 



ai: PA 'Mi^7$m. TPA;fW^Aie. EG;ttl/>yi>A. 

[00 281 ifwmm^m^m^thmmm i - 1 
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[0029] 

iphm^^ tift^mTh *). tt:.. m^mm^i}* 

^=SrS±«s|^3 0-9 OSft%t . ^^^:< t 

iomM%bf)>hm^Wz^imx'h'j. wuyy 
micrm.tzwm^\izi^ -^xmu-zmm^m&m. 
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61. 



r/lJ?iY?i4 143 144 151 155 163 1 f J„f J/, ^.r^/^ysf 56^ 

239 30& 331 344 345 398 402 415 417 437 481 504 512 541 542 551 560 

AP ^.%19860276695 19861121; JP19860276695 1986H21; (Based on J62206018 1 
CPY - TORA 
DC -A23E11 F01 
FS -CPI 

'^,?SS^:^.V^'tr^'^^^^^^^^^ 21482150 2151 23942475 

^,C^"U?0VCA^^^^^^^^^^ 

M3 'l^ri^B^IS B??J B°61?B701 B712 B720 B741 B815 8831 B840 F012 F01 "Jii" 
F163 F170 G010 G019 G100 H401 H402 H481 H482 MI^IM^^g M147 M148 ^ 
M210 M211 M212 M213 M214 M215 M216 M220 M221 M222 M223 M224 M225 M23 
M232 M233 M250 M272 M280 M281 M282 M312 M313 WI314 M31S M316 M320 M321 
S322 M331 M332 M333 M342 M383 M391 M392 M411 M510 ^520 "WM^^ 
M532 M533 M540 M620 M903 M904 Q140 Q323 R023 R042; 00104 00218 00331. 
8742-C3601-U; 8714-0 1286-M 

PA - <TORA ) TORAY IND INC 

PN - JP62206018 A 19870910 DW1 98742 008pp 

. JP4066928B B 19921026 DW199247 D01F6/92 007pp 

PR - JP19850265375 19851126; JP19860276695 19861121 

!^lc08G^63n8%08G-063/183;D01^ 

AB - J62206018 A polyester consisting mainly of ethylene terephthalate and 
contg. phosphonic acid cpd. In 0.01 to 1,0, pref. 0.02 to 0.5 and most 
pref 0 03 to 0.2 % of acid components for the polyester, is melt spun 
at a speed of at least 5000 m/min. In the melt spinning, molten 
polyester Is filtered In the pack through a filter having an absolute 
mesh dia. of 20 microns. 

- The phosphonic acid cpd. is of formulas (I) or (II). where R1= phenyl 
or 1-4C alkyi; R2.3 = H. 1-1 5C alkyi, phenyl or hydroxyalkyl. They may 
be identical or different; R4 = (CH2)n(n = 2 to 4). »Kwio.=topor 

. (i) includes phenyl (methyl) phosphonic acid, mono (di)methyl ester or 
phenyl phosphonic acid, diethyl ester of phenyl phosphonic acid. ™ 
dimethyl ester of methyl (ethyl) phosphonic acid, diphenyl 
phenyl phosphonic acid, diethylene (dipropylene, dibutylene) glycol 
ester of phenyl phosphonic acid. etc.. (11) is e.g. cyclic ester of ^ 
phenyl (methyl)phosphonlc acid and ethylene (propylene, butylene) 

- The polyester has a limiting viscosity number of at least 0.45, pref. 

0 55 to 0 85 when measured with orthchiorophenol soln. at 25 deg.C. 
Melt spinning is performed at a speed of at least 6000 or even at 

advantage'^ Polyester fibre with improved strength and Young's modulus 
and excellent dimensional stability under heat is obtd. by high speed 
mett spinning without causing end breakage.(0/1) 

AW - PET 

AKW - PET 

CN - 8742-C3601-U 

°W 'pre? A°R^?iON POLYESTER FIBRE COMPRISE POLYETHYLENE TEiREPHTHALATE UNIT 
WGH SPEED MELT SPIN FILTER MOLTEN RESIN PREVENT END BREAK 



(C) WPI/Derwent • ' ^ " 

IKW - PREPARATION POLYESTER FIBRE COMPRISE POLYETHYLENE TEREPHTHALATg UNIT 
HIGH SPEED MELT SPIN FILTER MOLTEN RESIN PREVENT END BREAK 

NC -001 

OPD -1985-11-26 

ORD - 1987-09-10 

PAW - (TORA ) TORAY IND INC 

RRL- 00104 00218 00331 

Tl - Prepn. of polyester fibre comprising ethylene] terephthalate units - 
by high speed melt spinning, and filtering molten resin, to prevent 
end breakage 



CI 



XP-002299856 "'t > 

(C) WPI/Derwent ^• 

*T /r001^017^02^03& 038 04& 07& 075 08& 081 09& 09- 10& 106 143 144 15& 
15- 155 156 163 164 166 169 170 171 173 18& 18- 19& 19- 20& 228 239 
262 27& 278 293 329 331 337 344 345 369 415 428 435 437 44& 447 450 
451 452 494 50& 532 537 541 55& 623 627 658 679 689 693 694 

AP - J PI 9920331 640 19921211; (Previous Publ. JP6170911 ] 

CPY - TEIJ 

DC - A23 A32 A85 A89 G06 L03 T03 vol V03 X12 

DR - 0973-U 1077-U 1363-3 1363.U 1644-8 1644-U 1711-U 5356^ 5381-U 
FS CPl'EPI 

IC - B29C47/00 ; B29C47/10 ; B29K67/00 ; B29L7/00 ; C08G63/78 ; C08KS/49 ; 

KS ^-00040037 0038 0073 0076 0079 0156 0159 0162 0165 0166 0168 0169 0224 
0227 0228 0230 1288 1291 1319 1384 1458 1462 2038 2043 2044 2051 2064 
2122 2150 2151 2177 2238 2258 2267 2368 2413 2452 2453 2489 2510 2513 
2547 2575 2600 2737 2742 2803 2804 3089 3178 3179 3237 3276 

MC .A02.A06A02.A10A05-E01AA10-D05A11.B07AA12-S06G06-B01 L03-A 

L03-B03 L03-B05L1 

- T03-A01B1A V01-B03B3 V03-C01 A2A X12-E02B 
PA - (TEIJ ) TEIJIN LTD 

PN - JP3335683B2 B2 20021021 DW200272 B29C47/10 006pp 

- JP61 70911 A 19940621 DW1 99429 B29C47/00 006pp 
PR - JP19920331640 19921211 

XA - CI 994-1 08492 

XIC - B29C.047/00 ; B29C.047/10 ; B29K.067/0p ; B29L-007/00 ; C08G-063/78 ; 

C08K-005/49 ; C08L-067/02 
XP -N1 994-1881 30 . ^ 

AB - J06170911 Polyester film Is prepd. by polymerising polyester resin in 

the presence of a Tl-contg. catalyst In an amount of 7 - 120 ppm; 

adding the reaction product with P-contg. cpd(s) in an amount up to ro. 

1 50 ppm and an atomic ratio of P/TI : 0.5 - 4.0 from immediately after . 

substantial termination of the polymerisation to Immediately before r . 

the melt extrusion; extruding the molten reaction product through a 

die; quenching the extruded film and opt. stretching and heat-setting 

the film. . ^ . I ?i'> 

- The polyester is e.g. polyethylene terephthalate, polyethylene J ^ 

isophthalate. polytetramethylene terephthalate, poly(1 ,4-cyclohexylene ^ 
dimethylene terephthalate or polyethylene-2,6-naphthalene O 
dicarboxylate and pref. polyethylene terephthalate or 
polyethylene.2,6-naphthalate. Such polyester is prepd. by estenfying 
terephthalic acid and ethylene glycol or ester-interchanging methyl 
terephthalate and ethylene glycol and polymerising the formed ester in 
the presence of a Ti cpd. (e.g. Ti tetrabutoxide, Ti 
tetraisopropoxide, Ti oxalate. Ti acetate, Ti benzoate, St 
trimellitate or a reaction product of tetrabutyl titanate and 
trimellitic anhydride). Insufficient amount prolongs the 
polymerisation step and excessive amount proceeds its decomposition to 
degrade the polymerisation degree. The P-contg. cpd. is e.g. H3P04, 
H3P03 trimethyl phosphate, tributyl phosphate, triphenyl phosphate, 
monomethyl phosphate, dimethyl phosphate, phenyl phosphonate. 
dimethylphenyl phosphonate, diethylphenyl phosphonate or ammonium 
phosphate. Insufficient amount improved the heat resistance 
insufficiently and excessive amount causes undesirable reaction such 

as decomposition. » . xi. 

- USE/ADVANTAGE - The film has improved heat stability and controls the 
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tItanISm CONTAI^^^^ PHOSPHORUS CONTAIN COMPOUND 

NC -001 

OPD - 1992-12-11 

ORD - 1994-06-21 

PAW - (TEIJ ) TEIJIN LTD 

Tl - Prepn of polyester film - comprises poWmerlsing polyester resin 

using titanium-contg. catalyst and Pj'0»P»;?~«;2^9'jy^^ poo . 
Ani mnil 017 • D01 Oil D10 019 D18 D31 D50 D63 D90 F41 E20 EGO , 
''''';iilSR l\\SSi6s3!^H02B3 . L9999 L2528 L2506 ; L9999 L21 86-R ; 

' 1.0839 lo29rF4rD01D^^ D19 D31 D50 D63 D92 E21 ; L9999 L2528 L2506 ; 

S^O^/'oO^^O^f D^^^^^^^^ D^Vd'iB 03^650 De3 D93 P41 E21 EOO ; 
■ ^hSiIS PO??l°V^^^ D63 ; L9999 L2528 L2506 ; L9999 L2186-R ; 

fooTci?''DO^i ^D?fD'?0^D2TD^8 D32 D50 D63 F41 E22 HOO 093 ; H0293 ; 
P08M-R F41D01 D63 ; L9999 L2528 L2506 ; L9999 L2186-R ; S9999 

fo051^M7 • ^H?M2^HOT?1 ; R00822 G1025 G0997 DDI Oil D10 D50 D82 F28 
' F26 ? RO0V02 G1343 G13 0 D01 D19 D18 D31 D50 D60 088 F37 F35 EOO E21 ; 
P0839 H0293 F41 D01 D11 D19 D31 D50 D63 D90 E21 ; L9999 L2528 
1 9^06 • S9999 S1285-R ; 39999 81387 ; L9999 L2186-R ; 
ro06?017 HOOM : R00822 G1025 G0997 D01 011 D10 D50 D82 F28 

Re R01002 G1456 G1445 D01 D11 D10 D19 D18 D31 D50 063 D90 F41 EOO 
eIi • pSIS P0839 H0293 F41 D01 Oil D19 031 D50 063 O90 E21 ; L9999 
L2528Sl6- S9999S1285-R ; S9999 81387 ; L9999 L2197 L2186 ; 
^QOnOAi^^VDoirUDOl '. Q9999 Q8877-RQ8855; Q^WS Q737JV-R , 
Q^slo Q9999 Q7363Q7M0 ; Q9999 Q8606-R : Q9999 Q7330-R ; N9999 
3S?Sk N9999 N582?N58li: N9999 N5914-R ; N9999 N6199 N6177 ; 
Smm bSIM-R 84740^ B9999 B4897 B4740 ; NDOO ; B9999 B4682 B4568 ; 
bJSI I35I 0-R B3372 • B9999 B3452-R B3372 ; Q9999 Q8662 Q8606 : 
fo08?0?7 Sol dVi 010 D50 D61-R F37 F35 Tl 4B Tr E10 EOO ; R01644 
* G3054 001 D1 1 D10 O50 D93 T. 4B Tr O- 6A ; R053S6 G3054 O01 Oil 010 

050 092 TI4BTr0.6A : C999 C102 COOO ; C999 C306 ; 
-S)09r?i7^ 001 Oil Dli D50 D61-R F36 F35 Ti 4B Tr ; C999 C102 COOO ; 

-Sfiol^r! D01 D19O18D50D61-RF36F35Tl4BTr ; C999 CI 02 COOO ; 
.S?i?iS?7! 'd01 D19O18O50O60F38F35Ti4BTrE31 E30 ; C999 C102 

mi2°i i)1 7^-^ R01 64^03054 D01 Oil D10 DSO 093 Ti 4B Tr O- 6A ; R01363 
■ Ll23 G1398 00^024 022 032 042 O50 060 065 D89 F36 F35 F39 E30 E31 ; 

C999 CI 02 COOO ; C999 C157 ; C999 C306 ; « o 

roTsi 017 DOO 060 F52 H- P- 5A O- 6A ; R01711 DOO 060 H" O- 6A P- 
' SA R01309 G3327 O01 011 D10 050 063 D83 F53 ; R01077 ©3327 D01 011 

D^0 050 063 D92 F53 ; R00973 G3327 D01 019 018 033 050 063 093 F53 ; 

.10141^1^; olfim^^^^^^ A999A511A486; A999 

A771 ; 
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.[0151017- D01 bl1D10D19D18D31D5DD63D86D88D9qF54; A999 
.S,?;irror;i6;V3WN-5AP-0-6A; A999 A511 A48S ; A999 



A771 ; 
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XP-002299857 ^^..^e^ 
(C) WPI/Derwent ^ \ ^ 

AN -1994-156722 [191 • • 

AP -JP1 99202531 58 19920922 
CPY - KURS 
DC -A23 

DR - 1711 -U 5356-U 
FS -CPI 

IC - C08G63/692 ; C08G63/78 ; C08G63/82 ; C08G63/85 

MC - A02-A06D A02-A10 A05-E04A A08-E02 A09-A02 A10-D05 

PA - (KURS ) KURARAY CO LTD 

PN - JP61 00679 A 19940412 DW1 99419 C08663/85 OOSpp 

PR • JP1 99202531 58 19920922 t L . 

XA - CI 994-071 940 S^v 
XIC - C08G.063/692 ; C08G-063/78 ; C08G-063/82 ; C08G-063/85 

AB - J061 00679 Mfg. method of polyester comprises polycondensing esterified ;^ 
or ester-exchanged mixt. of dicarboxyllc acid (or ester*formable 
deriv.) mainly of terephthalic acid and glycol mainly of EG, wherein : 
polymsn, is conducted by adding an organic Tl-cpd- (In amt. 10-100 ppm ^ 
as Ti-atom per theoretical yield of polyester) and a P-cpd. (In amt. 
3-10 times mol per Ti-atom in the organic Ti cpd). L.,; 
- ADVANTAGE - Method gives a PET-based polyester with good colour and - ^ 

high transparency even In short cycle time, with low crystallisation O 
peak temp, at cooling. iO: 
. In an example, a slurry of 100 pts. TA and 45 pts. EG, 100 ppm per U 
slurry of tetraethylammoniumhydroxide were esterised at 4 atmos. and 
250 deg.C, obtaining a mixt. of bis(beta-hydroxyethyl)terephthalate 
and oligomers (conversion 95%); catalyst (0.039 pts. 
tetralsopropyltitanate and 0.047 pts. phosphoric acid; mol ratio 4.0 
Pm) was added and polymerised at 270 deg.C and abs. 1 Torr . 
Prepolymer chip was dried and solid phase polycondensed at 205 deg.C 
for 15 hrs. Polyester chip: white. Limiting viscosity = 0.74 dl/g. Tec 

= 160 deq.C. b-value = 3.8, Good parison transparency.(Dwg.O/0) 

IW - MANUFACTURE POLYESTER COMPRISE POLYCONDENSATION ESTERIFICATiON ESTER 

EXCHANGE MIXTURE Dl CARBOXYLIC ACID ESTER FORMING DERIVATIVE GLYCOL 
POLYMERISE CONDUCTING ADD ORGANIC TITANIUM® COMPOUND PHOSPHORUS® 

IKW^-^MAfS^^^^ POLYESTER COMPRISE POLYCONDENSATION ESTERIFICATION 

ESTER 

EXCHANGE MIXTURE Dl CARBOXYLIC ACID ESTER FORMING DERIVATIVE GLYCOL 
POLYMERISE CONDUCTING ADD ORGANIC TITANIUM® COMPOUND PHOSPHORUS® 
COMPOUND 

NC -001 

OPD -1992-09-22 

ORD- 1994-04-12 

PAW - (KURS ) KURARAY CO LTD 

TI - Mfr of polyester - comprises polycondensing esterified or ester 

exchanged mixt of di:carboxylic acid or ester formable derlv and 

glycol, wherein poiymerisation is conducted by adding an organic 

titanium@ cpd and phosphorus© cpd 
A01 - [001] 017 ; H0022 H0011 ; G1343-R G1310 D01 D60 F37 F35 EOO ; 

G1025.R G0997 D01 F28 F26 ; L9999 L2186-R . P0839-R F41 ; L9999 

L2528L2506 ; L9999 L2517 L2506 ; L9999 L2653 L2506 ; H0293 ; 
- [0021 017 ; H0022 H0011 ; G1343-R G1310 D01 D60 F37 F35 EOO ; 

R00822 G1025 G0997 D01 D11 D10 D50 082 F28 F26 ; L9999 L2186-R ; 

P0839-R F41 ; L9999 L2528 L2506 ; L9999 L2517 L2506 ; L9999 L2653 
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L2506 ; H0293 ; 

• [003] 017 ; H0022 H0011 ; R00702 G1343 G1310 D01 D19 D.18 D31 D50 D60 
D88 F37 F3S EOO E21 ; G1025-R G0997 D01 F28 F26 ; L9999 L2186-R ; 
P0839-R F41 ; L9999 L2528 L2506 ; L9999 L2517 L2506 ; L9999 L2653 
L2506; H0293 ; 

- (004] 017 ; H0022 H0011 ; R00702 G1343 G1310 D01 D19 DIB D31 D50 D60 
D88 F37 F35 EOO E21 ; R00B22 G1025 G0997 D01 D11 D10 D50 D82 F28 F26 ; 
L9999 L2186-R ; P0839-R F41 ; L9999 L2528 L2S06 ; L9999 L2517 L2506 

; L9999 L2653 L2S06 : H0293 ; P0884 ; 

- [005] 017 ; G1025-R G0997 D01 F28 F26 ; R00822 G1025 G0997 D01 D11 
D10 050 D82 F2B F26 ; G1456-R G1445 DDI D63 F41 EOO E21 ; P0839-R 
F41 ; L9999 L2528 L2506 ; L9999 L2517 L2506 ; L9999 L2653 L2506 ; 
H0293 ; L9999 L2197 L2186 ; 

- [006] 017 : G1343-R G1310 D01 O60 F37 F35 EOO ; R00702 G1343 G1310 
D01 019 018 D31 D50 060 DBS F37 F35 EOO E21 ; G1025-R G0997 D01 F28 
F26 ; R00822 G1025 G0997 D01 Oil 010 D50 DB2 F28 F26 ; G1456-R G1445 
DDI 063 F41 EOO E21 ; H0033 H0011 ; L9999 L2186-R ; P0839-R F41 ; 
L9999 L2528 L2506 : L9999 L2517 L2506 ; L9999 L2653 L2506 ; H0293 ; 
L9999 L2197 L2186; 

-[007] 017; ND03 ; B9999 B4262 B4240 ; 89999 84397 84240 ; B9999 
B3678B3554 ; B9999 84795 B4773 B4740 ; K9723 ; 

- [008] 017 ; 001 D11 D10 D50 D67 D88 F21 F16 ; C999 C102 COOO ; C999 
C306; 

- [009] 017 ; R05356 63054 D01 D11 D10 DSC D92 Ti 4B Tr O- 6A ; R01711 
OOO 060 H- O- 6A P- 5A ; C999 C102 COOO ; C999 C306 ; 
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XP-002299854 

(C) WPI/Derwent (^f 

* m 

AN -2001-247935 [26] 

AP -JP1 99901 32839 19990513 

CPY - TEIJ 

DC - A23 E11 E12 F01 

DR - 1309-S 1309-U 1644-S 1644-U 

FS -CPI 

IC - C08G63/82 : D01F6/62 

MC - A02.A06 A05.E01A1 AIO-OOS EDS-GOSC EOS-LOI E10-602A1 F01-D04 N03-B01 

M3 Ioi?A422^60 C710 H4 H401 H481 H8 M210 M214 M231 M272 tyrt281 M320 WI411 
M510 M520 M530 M540 M620 M630 M730 M782 M904 M905 M910 Q323 Q421: 
R01644-K R01644-C.R01644-M: 1644-S 1644.U 

- [021 A422 A960 C710 H4 H401 H481 H8 M210 M211 M212 M213 M214 M215 M216 
M220 M221 M222 M223 M224 M225 M226 M231 M232 M233 M272 M281 M320 M411 
M510 M520 M530 M540 WI620 M630 M730 M782 M904 M905 Q323 Q421; 
0036-45401 -K 0036-45401 -C 0036-45401 -M ..... « 

- [031 B415 B701 B713 B720 B815 B831 M210 M211 M272 M283 M320 M411 M510 
M520 M530 M540 M620 M730 M782 M904 M905 M910 Q323 Q421; R01309-K 
R01309-C R01309'4VI; 1309-S 1309-U 

- 1041 B415 B701 B713 B720 B815 B831 H401 H402 H403 H481 H482 H483 M210 
M211 WI212 M213 M214 M215 M216 M220 M221 M222 M223 M224 M225 M226 M231 
M232 M233 M272 M280 M281 M282 M283 M312 M320 M321 M322 M323 M332 M342 
M383 M391 M392 M393 M411 M510 M520 M530 M540 M620 M730 M782 M904 NI905 
Q323 Q421; 0036-4S402-K 0036-45402-0 0036-45402-NI 

- [051 G001 G002 G010 G011 G012 G013 G014 G015 G016 G017 6019 G020 G021 
G022 G029 G030 G039 G040 G050 G100 G111 G112 G113 G221 G299 G553 G563 
JO J012 J013 J014 J2 J231 J232 M121 M122 M123 M124 M125 M129 M136 M139 
WI210 M211 M212 M213 M214 M215 M216 M220 M221 IVI222 M223 M224 M225 M226 
M231 M232 M233 M272 M280 M281 M282 M283 M320 M414 M510 M520 M531 M532 
M533 M540 M541 M542 M543 M720 M904 M905 N209 N262 N309 N342 N441 N513 
Q323; 0036-45403-K 0036.45403-P 

PA - (TEIJ ) TEIJIN LTD m 
PN - JP2000319370 A 20001 121 DW200126 C08G63/82 006pp = v 

PR - JP199901 32839 19990513 ^ 
XA - C2001-074755 ^ 
XIC - C08G-063/82 ; D01F-006/62 ff. 
AB - JP2000319370 NOVELTY - Manufacturing method of polyesters comprises 
polycondensing an ethylene glycol ester of bifunctlonai aromatic 
carboxylic acid and/or its lower polymer in tlie presence of a y 
catalyst, wherein said catalyst is a reaction product of a titanium 
compound and a phosphorus compound in mol ratio of 1/1-1/5. ^ 

- DETAILED DESCRIPTION - Manufacturing method of polyesters comprises 
polycondensing an ethylene glycol ester of bifunctlonai aromatic 
carboxylic acid and/or its lower polymer in the presence of a 

catalyst, wherein said catalyst is a reaction product of a titanium 
compound and a titanium compound of formula (RO)(3-n)P(=0)-(OCH2CH2) 
o-OH (III) in mol ratio of 1/1-1/5. The titanium compound Is a 
reaction product of a compound of formula Ti(OR)4 (I) with an aromatic 
polyvalent carboxylic acid or its anhydride of formula (II): 

- R s at least 2C alkyi; 

- n = 2-4. 

- R = H or alkyl; and 

- n = 0-3. 

- USE - Specific application is not described in the text except that a 
word spinnerette is used which is usually used in the spinning of a 



(C) WPI/Derwent 
fiber. 

- ADVANTAGE - Product provides .a good^color and excels in melt heat 
stability. Spinnerette contamination is very little even in a long 
spinning time. 

- (Dwg.0/0) 

CN - R01644-K R01644-C R01644-M 0036-45401-K 0036:45401-0 0036-4S4D1-M 
R01309-K R01309-C R01309-M 0036-45402-K 0036-4S402-C D036-45402-M 
0036-45403-K 0036-45403-P 

DRL - 1644-8 1644-U 1309-8 1309-U 

IW - METHOD MANUFACTURE SUPERIOR MELT HEAT STABILISED 

IKW - METHOD MANUFACTURE SUPERIOR MELT HEAT STABILISED 

NC -001 

OPD- 1999-05-13 

ORD- 2000-11-21 

PAW . (TEIJ ) TEIJIN LTD 

Tl - Method for manufacturing polyesters having superior coloring, melt 
heat stability and moldablllty 

A01 - [001] 018 ; H0022 H0011 ; R00822 G1025 G0997 D01 D11 D10 D50 D82 F28 
F26 ; G1456.R G1445 G4024 D01 D63 F41 F90 EOO D18-R ; P0839.R F41 
D01 D63 ; P0884 P1978 P0839 H0293 F41 D01 D11 D10 D19 D18 D31 D50 D63 
D90 E21 EOO ; L9999 L2528 L2506 ; L9999 L2197 L2186 ; H0293 ; 
39999 S1070-R 

- [002] 018 ; H0022 H0011 ; R00822 G1025 G0997 D01 D11 D10 DSO D82 F28 
F26 ; R01002 G1456 G1445 G4024 D01 D11 D10 D19 D18 D31 DSO D63 D76 
D90 F41 F90 EOO E21 ; P0839-R F41 D01 D63 ; P0884 PI 978 P0839 H0293 
F41 D01 D11 D10 D19 D18 D31 DSO D63 D90 E21 EOO ; L9999 L2528 L2506 ; 
L9999L2197L2186; H0293 ; S9999 S1070.R 

- [003] 018 ; R00822 G1025 G0997 D01 D11 D10 DSO D82 F28 F26 ; G1456.R 
G1445 G4024 D01 D63 F41 F90 EOO D18-R ; R01002 G1456 G1445 G4024 D01 
D11 D10 D19 D18 D31 DSO D63 D76 D90 F41 F90 EOO E21 ; P0839-R F41 D01 
D63 ; P0884 P1978 P0839 H0293 F41 D01 D11 D10 D19 D18 D31 DSO D63 O90 
E21 EOO ; L9999 L2S28 L2S06 ; L9999 L2197 L2186 ; H0293 ; S9999 
S1070-R ; H0033 H0011 

- [004] 018 ; ND03 ; B9999 B4262 B4240 ; B9999 B4682 B4568 ; B9999 
B3623B3S54 ; N9999 N6962-R ; B9999 B3678 B3554 ; ND02 

- [005] 018 ; D01 D1 1 D10 DSO O- 6A Tl 48 Tr D88 D92 D93 D94 D95 ; ^ 
R01644 G3054 DDI D11 D10 DSO D93 Ti 4B Tr O- 6A ; D01 D19 D18 D31 D76 

DSO D60 D88 D89 D90 F36 F35 F37 F38 ; D01 D60 D63 FS3 D82 D84 D86 F27 ^ 
F26 F28 F29 ; C999 C102 COOO ; C999 C306 ; C999 C248 ; C999 C340 ; 
Q999 CI 57 

- [006] 018 ; R01433 D01 D1 1 D10 DSO D61 D84 F36 F35 Mn 7B Tr ; 0999 
CI 02 COOO ; C999 C306 ; C999 C340 

^ 

^ "-^ 
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JP1 1350250 



Title: 

PRODUCTION OF FINE POLYESTER FIBER 



Abstrdct! 

PROBLEM TO BE SOLVED: To provide a method for stably producing a poiyester fiber 
with slight unevenness, good uniformity and fine single fiber through hot drawing 
process using a simple spinning-and-drawing unit and a cylindrical heating unit. 
SOLUTION: This method for producing a polyester fiber with a single fiber fineness of 
<=1.0 denier comprises melt spinning of the corresponding polymer through a 
spinneret 1, cooling and solidifying the resultant spun filament yarns Y once, heat- 
treating the yarns thus solidified through a cylindrical heating unit 4, cooling again the 
yarns thus heat-treated and then joining the yarns together which are then taken up; 
wherein the polymer to be used is a polyethylene terephthalate <=2,000 p in melt 
viscosity, the yarns are allowed to pass through a yarn-fixing guide 3 with an inner 
diameter of 8-16 mm set up at a position 10-20 cm above the entrance of the cylindrical 
heating unit 4, and it is so designed that the effective heating length of the heating unit 4 
is 30-80 cm, the distance between the underside of the spinneret 1 and the yarn-joining 
position under the heating unit 4 is 140-220 cm, and yarn takeup velocity is 3,000-4,500 

m/min. 
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n§ r yf-^ ^^Tc^^t/^/t'-^^ l> Atc^o-^^*^ ^ y h -p-yi- 
27 



7.x;v) y 31 7. x /v ^ ^ =Sr M 5t i- ?> ^ 

, ^<^T V=^^i/7cm:j^t)^y>'^-7 = ^>-i^7C^<^'^WS^ 5 /1000^ 
/V%jeATt-$!)PS SijIBilil^^^ffiV^. ^tt^Hfil3g# (a), (b 

) iLn (c) 5 (-^^ij lt::^^ y L-i^x ^7^5^ V- h 

1 |fjJ^X«±»^^:^x/i^^mRf£:^{^:^*P LT. 0.05~0.20MPa 
z.(omm. (1) (e:*5V^-c#btiS 4< y J-f- u 7 ^ I/- 
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Tv^tfV^. T-€7^y^. -fe/^e/^^^. X * /j^^ y 

-71-, 35°C) 0.50~0.80©l5ffl^J:fe^ r t U < . $ ^ 

0.55-0.75. #je:0.60~0. 70©|gia;$5^^ LV^o 

5p*^^^0.05~ 5.0At m(^:f ^ L'-C0.05'- 5.0 

^ z^?'^ v^ r t bv^o ^^J i: UTffiv^ ^ne:^ 
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:^^m(Dmm (2) \z^\^x. v\\:s^mi^% cd t y v^fc 

^m^'H^ (2 a) b(O^K^^m^^lL\'i-U.l^^^^^*^^^^^^^^ 
«rfflv^. =T\^'7 ^ -^v^mr ?V^?V^J:i^7.'T ?\^. $f ^ U < Hv? ;^ ^71/ 

^ 1/ V !) =1 — <^ ^ ^^■^^ ^^^^^^ (^ 
;b 1 0.05-0. 20MPa)tz:i 9 TV7^?-;vmfcji1=-vyi/U a-yvi: 

(a), (b), (c) ;!)S^ifc$tl5 J: 9 V h n-/u$tl,5„ ±IB 

So 

i: ;iis$ip^ U< . $ bt-0.45~0.75. #(;iO. 50-0. 70(O^ffl * U 
U</^v^e fife:?^, ia^^,^^>5S0.80^M;t.5 M Ji^l- y - (JD @ 

^fflv^-5r i:;d5r'$6o 'eRJ;t{^JKy 270'*C~ 300°C(D^ 

ffl-^^^S*L. 400~5000m/:$>fcriy ^P-/Vb 

^#5 CI i: ;is-e^ 5o ^ b te:;2^^P^(^5J< y :^ x ^ 
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o 

ntt'Sr. mii^^JStzi'^U. MIB-^^ (4) 

"^^^-(zn^^i^^^^x'^hMz-Ki^^^^miy- h fXi^m.^^fkWk^ 

(3) ^^:*5V^T. ■^ffl$tL5M^^J-^*tt5 y >'E^P<^ 

S^&^^t/'t' i^i*SiiS<^^^5' ^--fk-^i^^^ (1) :d5?liS-t--§ i . 
i:;5Sfef9^ t.fz.W.^s^^m^\^i^K'^^(n>^) l^\\^^m^% (2 a) 

.*fc. ^yW^^mi^'ji (1) i y y-fb^ti^^ (2 a) 

m^. f-^ yit^mm^^ (i) y y-fb^ti^^ (2 a) f 
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Mm^^m\tm'$. mm-^mt'^^^-r^o s^^Km^m-K 
mn^'^^tc^iz.it. f-^ >ih^m0.6^ (i) ^j^i^^^m^^ 
(2 a) (D^fi^^o^'' V =i-ji^mBmu^mW:\^. ^tlh^U^ 

^trSlS^-li:^ w 35^^? * l-< ^ Er5^fBlt^> 1 5> ~ 4 ^ f^^ * 
UVN„ :B:#:6*J'^^RfS:mg}1:. M ij =i -/w UT ^if- 

ih^^^wy^^^'J =I-/^=g:fflv^?.^^^c:^i ioo°c-' 2oo°cd5$f ^ bv^ 
(3) ^;l^V^P?tbSfi4li^^iB^fB^^* (a), (b), (c) 

^ 3fe ^ B ^ S ^ L T t> J; V ^ o 

^fc. ^mMi^-fi f^^-y^t thills Tv^fc-ym^ 
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j:v^. ^f- v^-^' U ^'-^^i: ^ h y ^ ^ 1^^^ 

, tf X y -/V. /^>f F 1= =^ / V. 2 , 2 - ex ( 4 - 3 - t K 

u^^y:r.Y^i/y T^n /N-y^^^ ^ - ;^ '> » 

S o 

:=^WM (3) {^::JoV^Ts y /^-^ ^^J^"t"^^ y ^ 

ttf^:^y3l^l/>'x^':7^l/-^T'$>5.::i:;6S$f^LV^o ^\^W.n 



.1- 1.6^/1-. mtV<i,t 1.2~ 1.4^/K^llg/i*]ii^^ y =^-^1^55^^ 

} c i o T ^ ^ U tK 5r M ^ m ^ ( c ^ * U 7)5 b 5 o 
^fS:% ^ i ^ ■^'S: b -©-XJ^^S^) ;^ X ;v^b Ir^f 9 ^ 

-a-(7)SJ^;^{4^{*. 240- 280''C. $f*U<« 250 

^ r ^: jD^M* UV^o 

(m^^-^xm) 

W^' h flf^^ ^) ^ " ^ ^ O 73f y ^ X 7^ /i^co E -t ^ ( 
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iiS 240- 280''c) (c^i±T*e^|]ii MB-^^^^o r^^mn-a- 

fiOm^-a-SfSft. J^f^^U^^^ 245- 290-C. t^tL<i,t 260- 280 
"C. BE;b 100- 1 kPa , nt. L < {tSO- 2 kPa <D^Wyxnt>n 
SJ^H 2^T'COm^'a-^i^?t^. SliC^ta^/OS 265- 300''C. $f*U 
< «; 270- 290*'C. ^^&JE::^f-ia#1000~10PaT', ^g^*U<ft 500 
- 30Pa(D ^ {4^ T tf t> :^^ 2> o 

^htitc^^V ^:^'r;i^(omm^& i&^T . IV t l^-f- 5 r t S 
, ) «0.40-0.80dl/ g . $ {C0,50~0.70dl/ g T'feS ;i ^ :65M 

< . -^X o m '^^^ ^^^^ ^ ^ ^-^ :jL:^'r ^ /^J>^fi^^^^MX^^ ^ 
0 1 L V^ o 

fct*#l^[^) [Tg-lO] - [Tg+60] "CcDtfi^ ({at. Tg: y 

<;)-(^^T:-®# ^V^■T?±E3S#:^I^ iS:^:^l^f-Tg- [Tg+70] 
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^ C T @ ^ ^lOi s <^ tfr * J"* ^ 36 ^ ^ s ^ *S u -c t> ^ 

V^o mil^^S<^ia^{*. [Tg + 70] ~ [Tm-lOl "0(0^^ U 
, Tm : y ^;^7^/K^ill^) > 180- 250"C O S =Jt 9 <^ 

IB^# (a), (b) RXJ^ (c) ^^^J^-rS J: 5 (^I^Mb^^-ra ^ 

36 



-r^M^-'^^ — ^'^i^^ Ieli|X$t^fc73<y b<^V^^t^ 

iiiPSSf* ^.?v^;&s^ 7J< y 1/ 7 ^ h ^ 

^ fc X V 7 m 7« ^ /i^ ^ !^ * ^ ^ 1^ M -r 5 :^ *5 ^ 

tbSxi/7^yi/m (TA) ^tiJvi-t* tt5 >l-M^<^-a^^^^ "r 
1/ 7 ^ yW^^ / 7< ^/l^(MMT) : lOOOppm I^T. 4-:*/^#=^ 

37 



v^-O-XT/l^T^^ t K (4 -CU)h. /UW (p - TA) 

(BA) t K 12 ^ v/-r 7 ^ 5^;w(HDT) tO-^Wf 

^ (4) <D^^ vr;u=i^'> Kt. -IS^ (1) o y y-ft-a-^j t <^ 

(5) jrjoVNT. MMK^-^WiJi^lOOOppm £AT<^X 1/7 ^ 
;wi?^#5/cJ?)t;if^ DMT(D*n7K!»-filiKJ5Sli?a^ 230~ 2601C. mts 
3.0-4. 6MPa {ff-'^)£) ^ Z. h 1)^^-^^^ < . J;!9|t?*U<« 
250— 260''C, 4.0-4. 6MPa t?. 2 - 3 B# TpI ^iOj S 

-r^o UOTK^^il^fS:^- J:oT^^LfcMeOH(*>^ h y 5^ fcf 

±tBJ^ifei- J: ^9 #^)tlfcx U7 MMT^WittlOOOppm U 

T-eh^. t.tc4~CU, P-TA, BAJ^0 HDT(7) ^ff^^* « 1 pp 

TA>^iC, lOOOppm 7fe-^(7) MMT^s^^ ^ ;rbX 5 r ^ i . S^-^ 

38 



^(DMU (5) O:^]) ^f-i^yy" yy ^ h^mi^^^^X . TA 
5 ;i i: ;d5$f * UV^o 

mm (5) y :n^w>'xi/-7^ ^tflg^^:-^*tLrv^T^) 

fc^. ^(Omj^^it^ 2, 6 I- :/v?;(7/i-/K 2, 7- 

-ry ^ uyi^:fy ;\^:^ym. 1, 5 ^ ixi^v^:^;/^:^^^^, 1, 

^ y :ij 7 oc — x/Uv?;^/^^^ i^7ai:=:/u 

7^ /V :/ v> :^ /v- y <55 i 5 :^ /i^ ^ . ^ ^ -y- 

i^:fy^V7j^ym. rz^n'ym. ^^'^f-ym. T-€y4ym(0^o^B 

V:* n 5 ^l:t^'ym^(D-fm^:^^i^^yB^ 

^tt. h y p< ^ i/y^' y x h 7 ^ f^i/y^j^^ y ^=3r 

-y-7< ^ V-y ^ y 7=^;!57 ^ ^ l/^^i/^ y =1-/1^. :¥:t-<y^/U^^ 

yn — y^, v'ni^i/y^^yn-/^^ 1, i-iyi:^p^^-y-yv?p<^ 
/-/i^. 1, 4->'^n^:3{^-y-yv?^^/-/lx^ 2, 2-1f>^ (4 
' - 13 - t K 1=1 ^ 7 31 /l^ ) y . t^^ ^ ( 4 ' - i3 - t K 

39 



mm (5) fc*5VNT. J:f5BO;ib^^(C i oT# e>tbfc^K y ^P^x/U 
# 7 ^ 2 $ft:^iRiic:M#-f-5 r i J; 9 y :x. y- jv y ^ 

(6) {cfevN-r. -^ffi-f y 3^:5^x/^*t^^(^^m 

^v-i/- ha:X7"/^^ . 1/ y 3 — /V t -gr. ffl3Mli5^<^ — 

■e<Z);?t- y ^f^-^-^aig-a- # btbfc^K y :ii;^7^yv;jtJI§/5S. >^^° y 

(1) y V-fk-^i^^^^ (2 a) h<o^^^mt^%^^h 
tb, 3lXx;^^mKf&^c4sv^-C, -{b. -B" ^fe ^ (1) •h^'^Wkh 

^{*MIBg# (a), (b) RXJ^ (c) ^ilfei-r t tV^o * 

fe^r^ji^^^Lv^o j^y :iiy^X/U|iUg4'<0#^^^ 1/7^ w 

Hl^^ (5) t;i|B^© C7)T^^ o T J; v^o 

(6) ©|^^:^-^ic::{oV^T», 5J< y T;u^ 1/ 7 ^ 1/ 

40 



7 ^ I/ - b ^j^S-^i-S ^ j; o T# b tLfcx i/7 ^yi-^i^;^ ^ 

2ppm gAT"Cfc5 r ^ LV^„ 
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jjf y a:: 7^ X /l^ "7 ^ /I/ ffl ^ ^ ^ y ^ ^ 7" /l^ Hi ^fi^ S J* ^ 

^(Dmm^tvx. 'f-^ :yi\:^m^^ u) -m^ (2) xit 
b) t<Dm^m^^p^-r^o ^-^ yit^mf^^ (i) t-^vN^ns 

(a), (b) RX^ (c) ^af-i-1><^"e&^ - ^ ^^'o 
t $f * 1- < > x w 7 T /I' ^ /V ^ ^ x ;v -r V 7 ^ /i^i? 

, 7i< b 71/ ^i: H ) b ^ n ^ fe o T i „ 
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y=c,J-)V^ 35°C) {t. 0.40~0.80O^ffl{c:fe5 :i ;65|!f ^ U < . 
Mt-0.45~0.75. #JC0. 50-0. 70(0^11/55^^ tV^o ^6^0. 

mm. (7) (D/i? y ^^7"/^MM*^^^ y ^^T'/^^'^'^J^^i"^ 

1 . : 

5^^(Dx-i? ^ y ^^T^/^'^H't^^ (IV) ^^itiUfCo 

y -^-i^iJN-^ 290°c. K^Txno^fBi^au. z.f\^^r)\^^^ 

^^A+^i-tfJS^ 3.0 + 1. 0mm (O-f V~ V\^^W^tt.tt^\Z.%i^^-^ 

bit^. ^ J /^^^tM^^>'^5'-M^.^f^CR-20 
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3 . ^mt^^^^^ ■• 
mmn^(D'f-^ yM.^»&^'(^'^ y^^'f-^^^^^^ ^Bmm<^m^ 

|±0^Mf^BIfM I" 263- 70J ) lrffiV^T^|li^ UfCo 

^%^.^j^a4'(3:*5VN-c leor-eeo^Frnm^a bT,^rB'^b-$ii:/^- 
(ci J: t9 P ^ U o 
6 . -^-X : 

5gL^^cO*°'J •^--!fV7*;l.^. ^^a•^'^-*5V^T 150"Cr*6^F^^ 

44 



DH-IOOIDP) J: «9iJ^U^-o 

^(^{S: (B) h^i^^. (B) - (A) TlB^^^l^ 

- 0 -0.05 ^ 

- 0.05^^;^X~0.10 (m^Sl^^^^^^^^^^o ^ 

- 0-10S:^;iT~0.15 ^ ) 

(B) - (A) Tia<oK2Pi3:J: «9f^^^14;S:^J^b 

..• 0 -0.05 (ms^14*s^^-^tbXv^5o ) 

-j^ ... 0.05^M^T~0.10 (li^^'t4^'^'®^-^^^^o > 
- 0.10^)^^-C~0.15 (i!!^^fe-65^3iX'fc5o ) 

9 . 7" 1/ 7 ^ JV"^ ^ ^/l^^^ff : 
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V A- (^S : ^^-VvV ' Ay%- Kt±MHP5890. ^ ^ t° 7 
>-;(7 7 : J &W^±MDB-17) i 9 . S.tJ^GC-MASS (^S : t :x 
^WY ' ^^v ti-'^^i.^. GC/«»^mil = HP6890/HP5973. ^ 
•^^ y 7 A : J &W^i^DB-17) J:5K»^*lft-J; "9 

10. y-vy ^ }V^(0%^ : 

(a) 4 - V-<yX'T;Wx t 7 h >'^>(' /V^. 

1/7 ^ /u^of- vy/i^Sr. 2 N - r y'e=^r7ki^MM^. 

-(Dmm^w^^^^^Mi^mmmw^ ^^v^yy^-^^h. (lc 

STR<f)DS-H fc^UT. MIB^tee^i^ ^ 4 - /I^tK ^ 

(b) X 1/7 ^/I'i?^/ 7^ ^/K^MSii^ : 
#^I^Xl/7i?7l^^OiJ->y7^^]^5ilS^i57 KIT F^^77^ — 

tt : ^ffe^^thB 3iM#BlfMHPLC D-7000. 7 A :RP-18; 

( c ) : 

hi/77{C'^b. n - h y x;(7 y^F^^P^^^i ^ UT. 
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So 

12. mm<o^\^^^^ mmw^- 

^ /i-mi^ ^^^^ lOQW^^t^f-yy^^^}) =i-7W70«alH5 

E^&Ji^^tB''^ SUS C^xyw:^) M^^4'{-:^sv^-C^l'a■L'. Ctb^ 
0.07MPa (??*nBET{-3&^o. UO'C ?5 ZAOViC^Ul^X . :^:^'T )V 

MEEfS^^'tJ^S-a-^flt-^b. rtt^ 290°C^-t:#?aU. 26 
.7Pa(0.2mmHg) ^ T ^ M ^ *5 V^- X ^ ^ i^T^ ^ V^ . ^^'^^ 
0.60. v?^f-l/i/^~y ^-^K^-^^* l-5«*% (zcf-u-yrV^ 
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^_y;F7,^Vhi05 333dtex/36fil Wt^^^ 7 >f ^ ^ b 

rtl^ 4.0^i^l;iJi# tT. •t-^^:^^ ^ >' h 83.25dtex/36fi 

1 (n>'^\^-^ A^f''^ A y V ^^ft-o 

^-r e> jf i±i UT7|cjS#7 ^ /VA $rf^^ bfco * 3S # 7 >f /V' 

v%%m 2 ] 

1 {Jl^-fo 

[^Jgl^iJ 3 — 9 :S.I>'lt;|!^f!l 1 - 7 ] 
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^mt^-^m^^ susM^^^'{^:*5V^Tm^b. :i0m^m^. 0.07MP 

-a-^^S^W^J-^ l-^ 290t;*T'#?a 26.67Pa (0. 2mmHg) JgA 

(Omit'f-^ l^209:M% t=^i^uy^ ]) y - 1.5«»|fl5i: 

xh^J^^;^ [3 - (3, 5 ->^-tert-7"^^/V- 4 - t: =^v^ 
7:i.:::^;l') 7^ ^ tT :t - h ] ( ^ ^ : /l- 3^ ^ 1010. ^/^^^ 
V/ y X ^ --^ ^ 5&;vX^±M) 0,02^»^%^J!jnUfCo HO^/litm 
^Ui ^ i~ o 
[^ife^ili2] 
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°C^^:{^-^. 7'v:7i5';v^ lOOW*^ i ^ i/ y y =i 7 P - 
ta^fi 250''C{C'f^o fc„ 

5 ^ T* r •!) li Ufc 

1 T'PM VMM 0.018Kft$P^ b y :n^/V7t^;xL^}sy 

r-fex— h 0, 040®4^t ^^j!jnUT. 285°C*-e#?a 26.67P 
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5^|g^ii^#{tfc 2L(D^<ayv7.=^(D'^ 

1,z., y n-zk 808g i:@^^50g t % Atl/T?I#^# 

no:) 4)^:1, 1/ y y 3 896g^Atl. :i H L b 

rtblc:h!;j^^/^2jN7.:t:/T-fex-b 224 g bX^S^ Jfe^iS 

r CDTPl ^Mtf-. %\c^m\^1t.imWL 400g ^^>'r 
6. 0{cip^ $ ;riTv^fc„ ^i;S:^^^Jt. 31 ^ ix v y =t — 

-/kio45g <^Att. z.^^%^\.fti)^ ^ r tbtc h y :iif-7k3}s xtJn y 

#U/^;iSb^^(c5fe(c!p#tfcTB^^^ 400 g ^ ^ ^ ^:&0 U . ±4 
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IB -To 

Pate. ^tb^;ix^jt«j{c±#:sLt)^^^i±u. ^/r^-cii^-re?]^, 



Jt^^^^^tti:<. '^mm 0.1291$. TPl^?^ 0.372$15=l:^^-€tb 

:|r ^ 2 7]^ "t" o 
[tkl5?#iJ 9 ] 



USm^Mli^. ^mitrv^'eyo l,3%^&3:-^uy^ V 
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idttiZi^. SE;^ 6.65kPa. il^jSit 0. 50^#T TrMBE^^ ^JS L- . 
^11®^ i: LTx w-^^/w^i^^ ^/wSrieliRLfc„ i O ® ^. (D IH JR 

» % -e o fc o 

-t Y ^ ^iy'T vy ^ jvm^/ :^ ^ JVt^ 0.5K*Ppm /O^ i-lj $ n o 
ftM^tlfcHJilXr W^^J'yU^v?^ ^/KDp^pRt^. M^99.9fi4% 
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\) ':x - (D%^m\Z. . X h 7 - n -•f'f-JV^^^- V 

^U. 0.07MPa OiPBETt-. 140'X:/5^^ 240''C b JJC 7: 

■^<0#. S^&^fe^i^^m-a-^^f-^b. 285°C*T*#?aL. 26.6 
7Pa iJJLTc^ift^^T'fiM-a'-RJS^ff oT. @ ^^i^ ^ ^S^o. 63T' ^) . 

% h Mz.it- ^) :x--;^-r }V^mm.^^^-^m\^X=f-yf\\:.\.. 180 °C 

J: D . ir- y ^ V h }55 333dtex/36fil I? 
. 4. OfS^t^^# UT. i'-i/;*; h 83. 25dtex/36fil 

^ 7 ^ h ^#]^Co SUfc. HtitBi^it Ufc^i/ r SrM 

*3V^T]^ • itiM^l^fJ:. ^tb^ttM#f&^ 3.5^^t>' 4.0l^{J:2|ft 
[^*fe^«Jl8] 

[ ^ 19 - 22lfe (31 Jt ^ M 12- 15] 
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0.07«Pa<O»lBETK 140"C*^b 240-C (c # fi U * *^ 

285t;*^#fiU, 26.67Pa SAT®**^ 
D =-/KO^*S# 0.9«fi%®*y*^^'''*^^" ^^^^ 



59 



TA (4-CBA , p-TA, BA, HDT O^f+^lppm . MMT^^i 
(ilSOppm) ^I^ML. ^KT^miRTA 179K»lH5i:. W y n - 

ffl^-e 255°C. SETi^im^t ^tlfc^#TT'. m^VX )) 

o 

ftS^^ 255j&^^ 290°C---. X> SfS^BE;^ tr:^MJE3&^ ^eOPa-^^tb 

Hfii. mhtitc:^^^ :^7.'rj\^mm^ iso'cxn^^^^ ^m^^x 
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ii^j^-^ 1/ y h :5^tJ^^ y ai;^r;V7 >f /v- <?5 # '14 ^ ^ 4 f^^fo 
[|im^J25] 

Il]!fe'ewj23i: Hilt- UTtK y :3:.7.7'/^#|i:RtJ?:^< y :j^>^t/V7 ^ jV 

13K»lH5i:^ TTP-l^l^J 0.39KS^i:. ^ ^ix^' tigiJ ^- {c . m 
4 (;i:^-t-o 
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^yvt^ 333dtex/36fii oi^nwmm^^ ^ ^ ^.m^^ 

WX^X^-y:^ ^yVt^ 83.25dtex/36fil <DM# ^'^^^ 7 ^ 7 7« 

[^j^f!|28] 

[^J|g|?iJ29~33. jtl55^!|17~22] 

^Jg-fifil 29-33^1 1)^ It i^^J17~22(D#^ V^-C^^?fef!!27t |II^it- 
l^ -C ^ y ^ ^ /^^Bi^^^ ^ ^ ^ ^ ^ ^^^^ ^ ^ '^^ " '^^^ ^ 

[^*I^J34] 
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ij [3 - (3, 5 - v?-tert 

i/^ ,j 7-^--{r ^^/wX^h^. : >f / 7.1010) 0.02« 

[lt^l?iJ23] 
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Title: 

PREPARING POLYESTER FINE FILAMENTS 

Abstract: _. x ■* -i 

Polvester fine filaments having excellent mechanical quality and uniformity, and 
«rofc?ih?w with a balancro^ good dyeabllity and shrinkage, are prepared by a simplified 

conditions. 
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bility and shrinkage, are prepared by a simplified direct spin-orientation process by selection of polymer viscosity and spmning 
conditions. 
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Title: 

Polyglycol terephthalates 



Abstract: 

In the manufacture of filament-forming phthalate polyglycol terephthalates by.heating a 
glycol ester of terephthalic acid in presence of a metal-contaming polymerization 
catalyst, colour formation is inhibited by effectirig polymerization in P^sence of a 
phosphoric acid, an alkyi phosphate, a hydroxyalkyi phosphate or an ai^^ 

qlycol ester is preferably made by heating a dialkyi terephthalate with the glycol in 
p?esence of an ester-interchange Jatalyst. Specified glycols are those of formula OH 
fCH2?nOH where n=2-10 and polyethylene glycols of molecular weight 106;6000. Part of 
the terephtSradd ma^^^^ replaced by isojhthalic. hexahydroterephthalic, tribenzoic, 
tne ^erepnmanc aciQ m V h ai-dimethylterephthalic acids or by bis-p- 
carboxyXoxJe hane. £ examples, dimethyl terephthalate and ethylene gtycol we^^ 
heated in presence of a catalyst and after no more methanol was evolved the glycol 
terephthalate was added to a polymerization vessel, the Phosphorus compound added 
and the whole heated under reduced pressure, the catalyst combination being (1) zinc 
acetatrtetrailopropyl titanate and tri-(2.hydroxyethyl) Phosphate (2) Magnesium 
acetate antimony trioxid and trihexyl phosphate. (3) Zinc acetate, lithium hydnde> 
Intimony trioxIdJ and trihexyl phosphate. (4) Lithium hydr.de. lead "jonoxide and 
triphenyl phosphate. (5) Magnesium formate, lead monoxide, antimony triox^^de and 
tributyl phosphate. (6) Lanthanum acetate, antimony trioxide and phosphoric acid or 
trie hyl phosphate. (7 Manganous acetate, antimony trioxide ^"d tricresy^^phosphate or 
phosJhSric acid. (8 Calcium acetate monohydrate and phosphoric ^cid^ (9) Manganous 
^ acetate, antimony trioxide and tricresyl Phosphate. (10) Zmc acetate d'hydrate 
tetraisopropyl titanate and trl-{2-hydroxyethyl phosphate). Phosphoric compoun^^ 
referred to in addition to those exemplified are tri-isopropyl-, tnamyl- and tributy - 
Phosphates; also diphenyl ethyl phosphate, diphenyl phosphate, dibutyl phenyl 
DhSsDhSte trt(3-h^^^^ dibutyl hydrogen phosphate and phenyl 

^ dihyd ogen phosjhate^ 578,079, [Group IV], Is referred to. 
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COMPLETE SPECIFICATION 
Polyglycol Terephthalates 



We. E. I. Du Pont de Nemours and 
Company, a Corporation organized and 
existing under the laws of the State of Dda- 
ware. United States of America, located at 
5 Wilmington 98, State of Dela-vare, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
10 scribed in and by the following statement:— 
This invention relates to an improved 
method for the preparation of polymeric 
esters and more particularly to the prepara- 
tion of polymeric glycol terephthalates. 
15 A novel class of fiber- and film-formmg 
polymers consisting of polyesters of tere- 
phthalic acid and polymethylene glycols con- 
taining from 2 to 10 carbon atoms is dis- 
closed in British Patent Specification No. 
20578,079. A commercially important example 
of ibis class is polyethylene terephthalate, 
which is prepared by carrying out an ester 
interchanae reaction between ethylene glycol 
and dimelhyl terephlhalate (DMT) followed 
25 by nolymerization at elevated temperatures 
and* reduced pressures. In eifectmg these 
ester interchange and polymerization reac- 
tions various calalvtic iieents have been em- 
ployed to accelerate the rate of reaction. 
30 However, the use of catalytic systems in poly- 
mer prepavaiion has also been attended by 
the development of color in the polymer, the 
extent of color formation being dependent on 
the particular nature of the catalyst. A pro- 
35 cess for retarding the formation of color dur- 
ina polym.,=^rization without seriously impair- 
ina catalytic activhy would be of .areat im- 
portance in preparing polyethylene tere- 
phtlialate for many commercial uses, and this 
40 applies especially to textile uses, for which 
colorless or white libers are greatly desired. 
Even more desirable is a polymerization in 
which colorless products are produced at 
rates even faster than heretofore attained. 
45 An object o: this invention is Xhz provi- 
sion of a process for producing polymeric 
esters rapidly. A further object is the pro- 



duction in a rapid manner of such esters 
which are substantially free of color. Other 
objects appear hereinafter, 50 

The in -ftntion consists in a process for the 
production of polyglycol terephthalates 
which comprises heating a substantially 
monomeric glycol ester of terephthalic acid 
in the presence of a metal-containing poly- 35 
merization catalyst and a phosphorus com- 
pound selected from the group consisting of 
phosphoric add, alkyl phosphates, hydroxy- 
alkylphosphates and aryl phosphates under 
reduced pressure until a filament-forming 60 
polymer is produced. 

The- invention may be carried out by re- 
acting one or more glycols and terephthalic 
acid or an ester thereof in an esterification or 
ester interchange reaction to produce a glycol 65 
terephlhalate. This ester compound is in 
substantiallv monomeric form and is exem- 
plified by the reaction product of ethylene 
elycol and dimethyl terephthalate, namely, 
bis-(2-hydroxyethyl) terephlhalate. 70 

Tlie monomer may be formed by an ester 
interchange or other esterification reaction. 
The esterification may be effected in Jhe 
presence of an esterification catalyst. The 
esterification and poiymeriiation catalysts 75 
may bi the same but preferably are different, 
and. if different, may be added immediately 
before each respective reaction. If the cata- 
lysts are the same, the addition of a single 
amount of it may occur prior to the first 80 
step. In addition to the aforementioned 
catalysts and in accordance v/ith our inven- 
tion, the phosphorus compound v/hich modi- 
fies the color is added, preferably immedi- 
ately before the polymerization step, 85 
although eariier addition will still effect 
color "modification while perhaps slov/ing 
down the esterification reaction. 

Polymerization is conducted by heating at 
elevated temperature under reduced pressure 90 
to remove the volatile material produced 
which is chiefly the glycol used, being ethy- 
lene glycol if bis-(2-hydroxyethyl) terephlh- 
alate "is being polymerized. The modifi^ 
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of this invention operate with the wide 
variety of catalysts used in the preparation 
of glycol terephthalate polymers, and b}" use 
of the modifiers of this invention substanti- 
5 ally colorless polymers are produced at good 
reaction rates. 

The followuig examples illustrate the prin- 
ciples and practice of this invention and are 
given for illustrative purposes only. All parts 
10 and percentages are by weight unless other- 
v/ise specified. 

Example 1 
The results of a series of experiments on 

15 the preparation of polyethylene terephthalate 
are recorded in Table I. In each case the 
reaction was carried out in the following 
manner: 50 parts of dimethyl terephthalate 
and 50 parts of ethylene glycol were placed 

20 in a flask together with the amount of cata- 
lyst indicated in the table (percentages cal- 
culated on the basis of anhydrous com- 
pounds). The flask was fitted witli a con- 
denser and heated at atmospheric pressure, 

25 whereupon the mixture began to evolve 
methanol in the range 160-180'C., tlie tem- 
perature depending on the catalyst and its 
concentration. Heating was continued at 
such a rate that continuous gentle ebullition 

80 was maintained until no further methanol 
was evolved, the final pot temperature being 



As shown in Table I in every instance 
90 v/hen the phosphoiiis compound of this in- 
vention is used the polymer produced has 
much better color than a polymer produced 
under the same conditions but in the absence 
of modifier. 
95 Example 2 

Table II given below lists the results ob- 



about 120 C. in ouch cuse. The liquid was 
then introduced into a polymerization tube 
together with the indicated amount of modi- 
fier, and the mixture was heated at 275 'C. 35 
under a vacuum of 0.5 to 1.0 mm. of mercury 
for the indicated length of time. A contin- 
uous stream of nitrogen was introduced 
through a capillary tube to agitate the mix- 
ture. At the end of the polymerization period 40 
the color of the molten polymer was com- 
pared visually with arbitrary color standards 
consisting of aqueous solutions of du Pont 
Pontamine Catechu 3 G dye according to the 
following system of color ratings: ^ 45 

0 = water. 

1 = 0.00025 grams of dye per 100 ml of 

solution. 

2 = twice as much dye as 1. 

3 = three times as much dye as 1. 50 

4 = four times as much dye as 1. 

5 = etc. 

This system of color standards was designed 
as a measure of the yellowish to brown range 
of colors generally encountered in the pre- 55 
paration of polyethylene terephthalate. 

The intrinsic viscosity of the resulting 
polytner. a measure of the degree of poly- 
merization, was determined in dilute solu- 
tions of the polymer in Fomal, which com- 00 
prises 58.8 parts by weight of phenol and 
41.2 parts by weight of trichlorophenol. 



Pni.Tr LV? Color 
4 0.67 12 65 



0.65 5 

4 

70 

2 0.48 2 
2 0.42 1 

75 

6 0.75 8 



6 0.72 3 

80 

5 0.35 5 
5 0.41 3-4 

85 



tained in a series of autoclave preparations 
of polyethylene tereplithalate. In each case 
58 parts of dimethyl terephthalate. 40 parts 
of ethylene glycol and the indicated amount iOO 
of catalyst were introduced into a stainless 
steel batch still equipped with a stirrer and 
a condenser. When the mixture was heated 
methanol was evolved, the reaction requir- 



Catalyst MoI%^ 

65 1. Zinc Acetate . . 0.053 

Tetraisopropyl 0.007 

Titanate 

Zinc Acetate 0.053 



70 Tetraisopropyl 
Titanate . . 

2. Magnesium Acetate 
Antiraony Trioxide 
Magnesium Acetate 

75 Antimony Trioxide 

3. Zinc Acetate 
Lithium Hydride . . 
Antimony Trioxide 
Zinc Acetate 

80 Lithium Hydride .. 
Antimony Trioxide 

4. Lithium Hydride . . 
Lead Monoxide 
Lithium Hydride . . 

S5 Lead Monoxide - 



0.007 
0.24 
0.020 
0.24 
0.020 
0.031 
0.122 
0,020 
0.031 
0.122 
0.020 
0.98 
0.017 
0.98 
0.017 
1 



Table L 
Modifier Mol] 
None — 



Tri-{2-hydroxyethyr) 

Phosphate 0.076 

None — 

Trlhexyl phosphate 0.125 
None — 



TrihexyJ Phosphate 0.061 



None — 
Triphenyi Phosphate 0.06 



Based on DMT. 

2. Polymerization time in hours. 

3, Intrinsic Viscosity. 
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ing from 2.5 to 4 hours depending on the 
catalyst and its concentration. The result- • 
ing material was transferred to a stainless 
steel autoclave equipped with a stainless steel 
5 stirrer, and the modifier was added in the 
indicated amount. The reaction mixture 
was heated to 275''C. and the autoclave was • 
evacuated gradually through an ice trap and 



a dry ice trap to an absolute pressure of 
about 0.5 mm, of mercuiry. After polymeri- 10 
zation at this full vacuum for the indicated 
period of time, the polymer was withdrawn 
and the molten polymer was compared with 
the previously described arbitrary color 
standards. 15 



Table 11. 
Modifier 
None 



20 



Catalyst Mol^" 
Magnesium Forniate 0:052 
Lead Monoxide .. 0.009 
Antimony Trioxide 0.020 
Magnesium Formate 0^052 Tributyl Phosphate 



Lead Monoxide 
Antimony Trioxide 
2. Lanthaiium Acetate 

25- Antiniony Trioxide 
Lanthanum Acetate 
Antimony Trioxide 
Lanthanum Acetate 
Antimony Trioxide 

80 3. Manganous Acetate 0.040 
Antimony Trioxide 0.020 
Manganous Acetate -0.040 
Antimony Trioxide 
Manganous Acetate 

35 Antimony Trioxide 



0.009 
0.020 

0.023 None 
0.020 ' 

0.034 Phosphoric Acid 
0.033 

0.034 Triethyl Phosphate 
0.020 

None 



.Tricresyl Phosphate 
Phosphoric Add 



0.020 
0.040 

0. 020 

1. Based on DMT. 

2. Polymerization time in hours 

3. Intrinsic Viscosity. 





FnuT* 

3-- 


LV." 
0.63 


Color 
7 


0.06 


. 5 • 


0.65 


20 

4 


0.095 


5 

. 6 


0.67 
0.66 


4 

25 

2 


0.032 


6 


0.64 


1 




4 


0.64 


9 30 


0.040 


8 


0.64 


I 


0.065 


8 


0.68 


2 



35 



Here again, when a modifier of this in- 
40vention was used, higher quality polymer 
was obtained. The results m Tables I and 
II show that phosphoric acid and its esters 
are useful in producing white or colorless 
polyethylene terephtbalates. Frequentiy, 
45 when some catalyst systems, such as those 
containing compounds of antimony, lead or 
arsenic, are used with other additives a 
grayish cast to the polymer appears. This 
grayish color is believed to be caused by 
50 the reduction of the metallic ions to the 
metal. A distinct advantage of the modifiers 
' ' of".-this invention lies .in flie fact that there 
is no'suc^ effect. 'and the polymers produced 
are entirely free from tiie grayish color when 
55 the phosphoric acid or esters are used with 
the above-mentioned catalysts. 

Example 3 

Ninety p'afts of ethylene glycol washeated 
with 28.1 parts of dimethyl terephthalate 
60 and about 0.073 part calcium acetate mono- 
hydrate until the theoretical quantity of 
methanol (9.25 parts) had heen removed. 
The resulting mixture was dissolved m water, 
heated to SO^C. filtered, and cooled to SO^'C. 
€5 whereupon crystals were obtamed. The cry- 
stals were filtered off and recrystallized from 
water twice. Of the resulting catalyst-free 
bis-(2-hydroxyethyl) terephtiialate 4.4 parts 
was placed in a vapor-jacketed gjass vessel 
70 equipped with a clean stainless steel stirrer. 
The ester was heated for 6.5 hours at 283 °C. 
under nitrogen at atmospheric pressure witii 



continuous agitation by the steel stirrer at 
100 r.pjn. The resulting liquid had a color 
of 3 units when compared with the previously 75 
described standards. In a second experiment 
in which 0.14 mol *% of phosphoric acid was 
added to the ester, only 1 unit of color was 
developed under the same conditions. 

Phosphoric acid and its esters also are use- 80 . 
ful in inhibiting color formation resulting 
from adventitious catalysis by metallic im- 
purities which might be encountered in com- 
mercial practice whoever metallic reaction 
vessels are used. The sur^msuig ease with 85 
which such contamination may occur is illus- 
trated by this example. 

Jn order to obtain the full effect of the 
modifi^, it should be added to the reaction 
nuxture early during the polymerization step, 90- 
or preferably before polymerization has 
begun. As shown in the foUowing examples 
4 and 5 one function of the inhibitor is to 
prevent or retard the development of color; 
when added late in the polymerization step 95 
however the inhibitor appears to have Xiflje 
or no effect on color which has already ap- 
peared. 

■ EXAOTLE .4 

Polyethylene terephthalate was prepared 100 
in an autoclave following the procedure of 
Example 2. The catalyst was 0.062 mol % 
manganous acetate and 0.027 mol % anti- 
mony trioxide; no modifier was used. After 
3 hours at fuH vacuum the polymer had de^ 105 
veloped 7 units of color as compared with 
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the color standards, and the intrinsic visco- 
sity was-0.67. In another autoclave run th© 
same catalyst -system was used, but 0.060 
' mol % of tricresyl phosphate was added to 
5 the reaction mixture after the ester exchange 
step and before polymerization had be^n. 
The polymer developed 3 units of color after 
45 hours at full vacuum, and the intnnsic 
viscosity was 0.65. In a third experhnent 
40 the mixturevW^ allowed to poljanerize under 
full vacuum for"2^ hours without a modifier; 
0.060 mol % of tricresyl phosphate was then 
added and polymerization under full vacuum 
was continued for 45 mmutes. The color of 
15 the molten polymer ias % units, and the m- 
trinsic viscosity was 0£5. \ ^ 

Althou^ the modifies df this invention 
must be added to the reaction iiuxture before 
. polymerization has proceeded to any great 
20 extent, it is not necessary that they be pre- 
sent during the ester exchange step, to ob- 
- tain the desired high quality polymer, to 
fact, it will generally be deskable to omit the 
modifier during ester exchange when reac- 
25 tion time is a factor, smce phosphorus com- 
pounds retard the rate of ester exchange. In 
commercial practice it is desirable to carry 
out the ester exchange reaction continuously 
under essentiaUy constant temperature con- 
30ditions; in such a con^nuous process the m- 
hibitory effect of phosphorys compounds on 
the exchange rate is especially"seno^ smce 
a much larger reaction vessel wiinK re- 
quired to maintain a given withdrawal fate^ 
35 of product containing a given low percentage 
of unreacted dimethyl terephthalate. 

EXAOTLB 5 

To a flask equipped with a condenser wa^ 
added 50 parts .of dimethyl terephth^ate. 50 

40 parts of ethylene glycol. 0.03 part of zinc ace- 
tate dihydrate (0.053 mol % based on DMT), 
and 0.005 part of tetraisopropyl titanate 
(0007 mol % based on DMT). The mixture 
. was heated under atmosphenc pressure; at 

45 17rC. methanol began to distil over. Heat- 
ing was continued at such a rate that con- 
tinuous gentle ebullition was mainlined 
until no further methanol was evolved, fh^ 
final pot temperature being about 220 C. ine 

50 reaction required 1.4 hours. The experiment 
was repeated with the addition to the reac- 



tion mixture of 0.045 part of tri42-hydroxy- ■ 
ethyl) phosphate (0.076 mol % based on 
DMT). No methanol was evolved until the 
temperature of the reaction mixture had 55 
reached 180X., and 1.9 hours were required 
to complete the evolution of methanol. 
Example 6 
The reaction chamber for a constant tem- 
perature ester exchange apparatus consisted 60 
of a stainless steel beaker. 2 7/8" in dia-^ 
meter and 2 1/4" deep, fitted with a stainless 
steel coVer clamped down with wing nuts 
and sealed . with a gasket prepared from a 
sheet of polytetrafluoroethylene. The out- od 
side of the be^er was electroplated with 
copper, wound with resistance wire, arid in- 
sulated. The cover was provided with open- 
ings for two thermocouple wells, an inlet tube 
for a stream of nitrogen gas. and a joint con- 70 
necling to a column for removal of the meth- 
anol. The temperature in the reactor was 
controlled by a thermocouple acting through 
a pyrometer controller and the temperature 
was checked constantly with another ther-'75 
mocouple connected to a potentiometer. The 
methanol was remcJVed- thrpugh an electri- 
cally heated column equipp^ with^ rotat- 
ing strip of stainless steel gauze twisted siht- 
ally about a vertical shaft; features of this 80 
column included good separating efficiency, 
hi^ throughput rate, and low holdup. The 
jacket , temperature was maintained slightiy 
below the boiling point of methanol (65 C.}. 
After passing through the column, the meth- 8d 
" anol was condensed and collected. 

In each run shown in Table III. a charge 
of '75 parts of dunethyl * terephthalate and 
' about 73 parts of glycol was heated to 
175"C.. whereupon a preheated slurry of the 90 
indicated amount of catalyst in 11 additional 
parts of glycol was introduced. The tem- 
perature of the'mfacture was maintained at 
175" ± 2.5''C. throughout the run. and a 
continuous stream of nitrogen gas was mdn- 95 
tained to aid removal of the methanol. The 
reaction rabcture was stirred slowly by a i^ag- - - 
netic stirrer in a staMess: steel ^ase.- The 
volume of methanol collected after 30, 60 
and 120 minutes was recorded and the per- 100 
centages based on the theoretical yield of 
methanol are shown in the table. 



Table III. 



105 



110 



115 



Catalyst 
Manganous Acetate 
Antimony Trioxide 
Manganous Acetate .. 
Antimony Trioxide 
Dibutyl Hydrogen Phosphate 
. Manganous Acetate . . 
Manganous Acetate .. 
Triethyl Phosphate . . 
Manganous Acetate . . 
Phosphoric Acid 



MolVo 
(Based on DMT) 
0.062 
.. 0.020 
.. 0.062 
0.020 
0.059 
0.040 
0.040 
0.086 
0.040 
0.079 



Methanol Recovered 
{% of theoretical) 
y^mih. 60 mill, UOmin. 

"83 92 97 

53 77 90 . ■ 



68 85 93 

51 69 82 

No reaction in 75 minutes 



105 



110 



115 
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As indicated in the above table there is 
more unreacted material left after a given 
time when the modifier is present ia the in- 
terchange reaction than when it is omitted, 
5 Thus, contrary to expectations, a decided 
advantage is gained when the modifier is" 
added after interchange. The more rapid 
production of polymer, that is, amount of 
polymer per unit of time, is an outstanding 
10 feature of this invention, ' 

As can be seen from the above examples^ 
the modifiers of this invention are added to 
a monomeric glycol terephthalate which has 
an intrinsic viscosity of substantially zero 
15 (say 0.0 to 0.15) and the heatmg of the modi- 
fied reaction media is cohtmued until the 
intrinsic viscosity of the resultant polymer is 
about 0.5 or higher. Vacuum is applied to 
remove volatile material and to bruig poly- 
20 merization to ^e desired level. 

Among the modifiers that may be used 
are the triaryl phosphates, such as triphenyl 
phosphate, and the trialkyl phosphates, such 
as triethyl phosphate, tri-isopropyl phos- 
25phate, triamyl phosphate, tributyl phosphate 
and trihexyl phosphate. Still others include 
♦ diphenyl ethyl phosphate, diphenyl phos- 
. phate arid dibutyl phenyl ^osphate. Glycol 
esters (rf phosphoric acid, such as tri-(2- 
30 hydroxyethyl) phosphate and tri(3-hydroxy- 
prdpyl) phosphate are especially useful addi- 
tives. Partially esterified phosphoric acids, 
such as dibutyl hydrogen phosphate and 
phenyl dihydrogeh phosphate also ate very 
35 useful. Phosphoric acid itself may be added 
in the form of orthophosphoric acid, pyro- 
phosphoric acid, nietaphosphoric acid or in 
other forms differing in degree of hydration. 
One advantage bf the modifiers of this in- 
40vention lies in their chemical simplicity. 
Complicated structures are not involved. In 
fact it is preferred to use modifiers which do 
not contain nitrogen or halogen atoms such 
as cMorme, The modifiers of Ihis invention 
45are.inKcpensive and readily available. 

Further, they are very effective and only 
small amounts-need^be used. The amount 
of the phosphoric acld^or phosphate ester 
added will depend in part-on the amount of 
50 catalyst used. Usually it will be deskable 
to use an amount in the range-gf about 0.05 
to about 2.0' mob of modifier lot each mol 
of catalyst, based on the total number of 
mols of all catalysts if more than one cata- 
55 lyst is used. If less than 0.05 mol is used, 
the effect is very small. On the other hand, 
the addition in excess of 2 mols will produce 
little additional advantage. 
The phosphate modifiers employed in this 
60 invention can be used with any of the well- 
known catalysts or catalyst combinations 
effective in the preparation of the polyesters. 
In practical apphcations a system of two or 
more catalysts will generally be used con- 
65 taming one or more components especially 



effective in promoting the ester exchange re- 
action between e^ylene glycol and dimethyl 
terephthalate together with one or more ad- . 
ditional components which are effective in 
promoting the polymerization of the mono- 70 
merle glycol terephthalate. Examples of 
catalytic materials useful in the ester ex- 
change reaction include the alkali metals and 
their hydrides and. compounds of certam 
metals, such as calcium, magnesium, Im- 75 
thanum, manganese, and cobalt, Mzmy of 
these catalysts also are effective in the initial 
stages of polymerization^ vdll usually 
be desirable to add a specific polymerization 
catalyst such as antimony trioxide. Esters 80 
of titanium can also be used to catalyze tiie 
polymerisation ruction. Usually the poly- 
merization catalyst will not retard the rate 
of ester exchange, and where this is the case 
it is generally convenient to add all of the 85 
catalysts at the beginning of the reaction. 

Associated with each catalyst system is a 
secondary catalytic effect on the reactions of 
color-forming bodies m the reaction mixture. 
It is the function of the phosphate additives 90 
of this invention to inhibit this secondary 
catalytic effect without seriously retarding the 
ability of the catalysts to function in the 
polymerization reaction. When the tendency 
of a given <».taly8t to produce color is high, 95 
the phosphate modifiers of this invention will 
usually operate to reduce the color to ac- 
ceptable levds. When a catalyst having an 
inherently low color-forming d9Eect is used, 
a still further reduction in polymer color is 100 
achieved. , . 

Phosphoric acid and the various phosphate 
esters are substantially equivalent on a'molar 
basis with regard to flie inhibition of color. - 
Mixtures of two or more of the phosphate 105 
mhibitors are effective to an extent roughly 
proportional to the total molar quantities 
used. In using the more volatile members 
of the group it will frequentiy be deskable 
to delay the application of vacuum to flie re- 110 
action system to allow ester interchange with 
the glycol to take place. In processes in 
which the excess glycol is to be recovered and 
reused, it may be desirable to avoid the use 
of aryl esters of phosphoric add. Phenols 115 
evolved from these compounds are CMried 
over into the glycol recovery system and are 
. very (Ufficult to remove from the glycol by 
distillation or other common industrial puri- 
fication methods. Accumulated phenols 120 
would have a deleterious effect on the ester 
exchange reaction rate. 

In commercial applications, it is deskable 
to combine the recovered glycol with fresh 
ethylene glycol as new starting material for 125 
the reaction; however, ethylene glycol con- 
taining phenols as impurities is unsatisfac- 
tory because phenols have a deleterious effect 
on the ester exchange reaction rate. After 
several cycles, the accumulated phenols build 130 
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up to intolerably high levels. 

Although the process and advantages of 
the present invention have been particularly 
described with respect to the preparation of 
5 polyethylene terephthalate from dimethyl 
terephthalate. it should be understood that 
the invention is fully applicable to the poly- 
merization of bis,(2-hydroxyeihyl) tereph- 
thalate derived from, whatever source and m- 
10 eludes the preparation of mojhfied polyethy- 
^e terephSillates. ie:; modified with smaU 
^ quantities; e4.. np to 20 % 
the terephthalatevconterit of the polyester ^of 
other, dicarboxylic acids. for^Wl^^y- 
15 col, terephthaUc add, or a ^lalkyl ester thCTe- 
of and a second acid or ester thereof, inay 
be reacted together to form a cdpolyester, 
the second add being sdected from the group 
consisting of isophthalic acid, bib^ic acid, 
20hexahydro terephthaHo^acid, adipic acid, 
sebacic acid, azelaic acid Jhp..na^h1hahc 
acids, 2,5-dimethyl terephthalic acid, and 
bis-p-carboxyphenoxyethane. 
It is also within the scope of the present 
25 invention to prepare polyesters by reacting 
-other glycols besides ethylene glycol, such 
glycols being selected from the sotcs 
HOfCHJaOH where " n " is an integ^ from 
2 to 10 inclusive. Polyethylene^ycols hay- 
30 ing molecular wdghts of abodt.lOe to aboot 
6.000 may also be used in polymer prepaia- 
tiori And, in place of dimethyl terephtha- 
late* there may be employed as monome^ any 
of the terephthalic esters of saturated dipha- 
- 35 tic monohydric alcohols containing up to and 
including 7 carbon atoms. 

The products produced by the novd pro- 
cess of this invention are highly desirable 
, They are color-free polymers which may tDe 
^' 40 readily shaned into films and fibers by con- 
ventional spinning techniques, such as by 
melt spinning. The conditions of polymer 
preparation and shaping are described m the 
pri^r art. For example, such techniques are 
.45disclosed in British Patent Specification^ 
578 079 and U.S. Patent Nos. 2.534.028. 
2.641,592 and 2,647,885 among others. 
What we claim is : — 

1 A process for the production of poly- 
SOdycol terephthalates which comprises heat- 
tag a substantially monomeric glycol ester of 
terephthalic add in the presence of a metal- 



containing polymerization catalyst and a 
phosphorus compound selected from the 
group consisting of phosphoric addj alkyl55 
phosphates, hydroxyalkylphosphates and 
aryl phosphates under reduced pressure until 
a filament-forming polymer is produced. 

2. The process as claimed m Qaim 1 
wherein the monomer is formed by reacting 60 
one or more glycols with terephthalic acid 
or an ester or other ester forming deriva- 
tive thereof. ^ , . _ , . 

3. The process as daimed m Uaun >i 
wherein the monomer forming reaction takes 65 
place in the presence of an esterification cata- 
lyst. 

4. A process as clauned in any of tiie pre- 
ceding claims wherein there is present in the 
reaction mbctiure a small quantity up to 2070 
mol % based on tiie terephtiialate content of 
the polyester of otiier carboxylic acids or 
esters tiiereof sdected from the group con- 
sisting of isophthalic add. hexahydroterei>h- 
thalic add. bibenzoic acid, adipic acid, 75 
sebacic acid, azelaic acid, the naphflialic 
acids, 2,5-dimethyl terephthalic add and bis- 
p-carboxyphenoxyethane. 

5. A process m accordance with any of 
the preceding daims wherein said monomeric 80 
glycol ester is bis-(2-hydroxyethyl) tereph- 
thalate. , • ^, 

6. A process in accordance with any of the 
preceding claims in which the. amount of the 
phosphorus compound is from about 0.05 ta 85 
about 2.0 mols per pol of polymerization 
catalyst present. . 

7. A process in.accordance with Claim o 
in which the said monomeric esta has an in- 
trinsic viscosity of substantially zero. 90 

8. A process in accordance with Claini, 6 
in which the said heating is continued untir ' 
the said polymer has an intrinsic viscosity 
of at least about 0.5. , 

9. A process in accordance with any of tne95 
preceding Qaims 2 to 8 in which the tereph- 
thalic add ester employed in th^,esterifica- 
tion reaction is dimethyl tereplithalate, 

10. A process in acc^ance with Qaim 9 
in which said glycpl is ethylene ^ycol. 100 

11. A process Jor the production of poly- 
glycol terephtiialates substantially as herein- 
before described. 

. MARKS &CLERK. 
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PR0I)UCTI(»7 OF PARTICULAR POLYSSTBRS 
USXVG A NOVBL CATALYST SYSTEM 

5 This invention relates to a process for preparing 

modified or unmodified poly (ethylene terephthalate) 
using a titaniuB/phosphorus-based catalyst system. 

Background of the Invention 

10 Poly (ethylene terephthalate) may be derived from a 

process well known in the art comprising direct 
esterif ication of ethylene glycol and terephthalic acid. 
It may also be derived from a process comprising 
carrying out an ester interchange between ethylene 

15 glycol and dimethyl terephthalate to form bis-2-hydroxy 
ethyl terephthalate which is polycondensed to 
poly (ethylene terephthalate) under reduced pressure and 
at elevated temperatures. 

Problems have also been encountered in the 

20 manufacture of poly (ethylene terephthalate) by the ester 
interchange reaction and by direct esterif ication 
reaction. However, this material is slow with respect 
to ester interchange and is many times impractical with 
respect to commercial operations. Therefore, it is 

25 typical to employ the use of a catalyst during these 
reactions . 

Typical catalyst or catalyst systems for polyester 
condensation are well-^known in the art. For example, 
catalysts disclosed in U.S. Patent Nos. 4,025,492; 
30 4,136,089; 4,176,224; 4,238,593; and 4,208,527, 

incorporated herein by reference, are deemed suitable in 
this regard. Further, R. E. Hilfong, Journal Ot POlVIBgr 
jgcience , M 385 (1961) sets forth typical catalysts 
which are useful in polyester condensation reactions. 
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However, many of these catalysts do not produce 
finished polyester which has the desired clarity or 
color. 

United States Patent 3,794,592 discloses a method 
5 of making polyesters suitable for use in making 

polyurethanes. More particularly, it discloses a method 
of making polyesters which have a reduced or controlled 
rate of reaction with isocyanates. Titanium may be used 
as a possible catalyst in the esterif ication and 
10 transester if ication reactions. Phosphoric acid may be 
added after the esterif ication or condensation reaction 
has been completed. The molecular weight of these 
products are from about 500 to lO.OOO and would not be 
useful in molding applications. 
15 United States Patent 3,907,754 discloses a catalyst 

system for the production of poly (ethylene 
terephthalate) which comprises, in combination, salts of 
manganese and cobalt with acetyl triisopropyl titanate 
and a phosphate ester. 
20 United States Patent 4,260,735 discloses the use of 

an alkanolamine titanium chelate catalyst to esterify 
and polycondense aromatic polycarboxylic acids or 
anhydrides, such as terephthalic acid, with a glycol, 
such as ethylene glycol, at low glycol to acid reactant 
25 ratios. The objective of this invention is to make 

possible commercial production of polyesters with low 
ether contents, without the addition of any inhibitor to 
suppress formation of DEG. 

United States Patent 4,150,215 discloses a process 
30 for preparing high molecular weight polyester resins by 
reacting ethylene glycol with terephthalic acid in the 
absence of a catalyst and polymerizing the product under 
solid state polymerization condition. 

United States Patent 3,962,189 discloses a 
35 catalyst-inhibitor system for the polymerization of 
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poly (ethylene terephthalate) comprising a combination of 
organic or inorganic salts of manganese and cobalt, 
titanium alkoxides, organic salts of alkali metals, or ' 
alkaline earth metals, and a phosphate ester. 
5 United States Patent 4,356,299 discloses a 

poly (ethylene terephthalate) polycondensation catalyst 
system comprising a catalyst metal in the form of an 
alkyl titanate and an antimony compound. 

Previously, the catalyst systems useful for making 

10 poly (ethylene terephthalate) of the prior art employed 
titanium-based catalysts, phosphorus-based compounds, 
usually in combination with manganese and/or antimony. 

Therefore, there has been a need in the art to have 
a catalyst system which speeds up the reaction so that 

15 it is useful for economical purposes and for making a 
range of molecular weights useful for molding purposes 
but which also results in a condensation polymer having 
good clarity and color. Furthermore, environmental 
concerns demand that the level of catalyst metals be 

20 decreased or minimized which is achieved by using the 
process or this invention. 

Heretofore, a catalyst system containing low 
amounts of one or more alkyl titanates in combination 
with a phosphorus-based compound in order to make 

25 poly (ethylene terephthalate) or modified poly (ethylene 
terephthalate) of sufficient molecular weight to be 
useful in molding applications has been unknown. 

giip parv of t he Invention 

30 This invention involves the use of a catalyst 

system which has the advantages of the prior art with 
respect to the catalyst system which promotes 
esterif ication or transesterif ication and 
polycondensation and molecular weight buildup while 

35 maintaining good color and clarity. 
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This invention relates to a process of producing a 
moldable polyethylene terephthalate or modified 
polyethylene terephthalate having an inherent viscosity 
greater than 0.65 dL/^g comprising: 
5 reacting a diacid component further comprising 

at least 65 mole % terephthalic acid or a diester 
component comprising at least 65 mole % - C4 
dialkyl terephthalate and a diol component 
comprising at least 65 mole % ethylene glycol at 
10 temperatures to effect steps (A) and (B) as 

follows: 

(A) esterif ication or transesterif ication, 
wherein said esterif ication is carried 
out, optionally, in the presence of about 
15 1 to about 50, preferably 1 to 20, more 

preferably 1 to 10 parts of titanium 
present in the form of an alkyl titanate 
or 

optionally, in the presence of a 
20 catalyst system comprising from 

about 1 to about 50, preferably 1 to 
20, more preferably 1 to 10 parts of 
titanium present in the form of an 
alkyl titanate and from about 1 to 
25 about 100, preferably 1 to 50, more 

preferably 1 to 30, even more 
preferably 1 to 15 parts of 
phosphorus in the form of a 
phosphate ester or phosphoric acid, 

30 

wherein said transester if ication is 
carried out in the presence of from about 
1 to about 50 parts of titanium in the 
form of an alkyl titanate; and 
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(B) poly condensation I wherein said 

polycondensation is carried out in the 
presence of a catalyst system comprising 
from about 1 to about 50 parts of 
5 titanium present in the form of an alkyl 

titanate and from about 1 to about 100 
parts of phosphorus in the form of a 
phosphate ester or phosphoric acid; 
each of the parts of the catalyst representing per 
10 million parts of polymer product, wherein the mole 

percentage for all of the diacid component totals 
100 mole %, and wherein the mole percentage for all 
of the diol component totals 100 mole %. 
In another embodiment of the invention, the process 
15 incorporates the use of either an inorganic toner system 
comprising salts of cobalt and/or an organic toner 
system comprising about 1 to about 10 ppm of at least 
one copolymerizable 6-arylamino -1— cyano-3H-dibenz 
[f ,ij]isoquinoline-2,7-dione or at least one 
20 copolymerizable blue l,4-bis(2,6-dialkylanilino) 

anthraguinone compound in combination with at least one 
red anthraguinone or anthrapyridone (6-arylamino-3H- 
dibenztf f ij)isquinoline-2,7-<Jone) compound at a 
temperature to effect esterif ication or ester 
25 interchange and polycondensation in the presence of a 
catalyst system comprising from about 1 to about 50 
parts of titanium in the form of an alkyl titanate and 
from about 1 to about 100 parts of phosphorus in the 
form of a phosphate ester or phosphoric acid, each of 
30 the parts of one catalyst system being per million parts 
at polymer product and the diacid or diester component 
totaling 100 mole % and the diol component totaling 100 
mole %• 

Some of the advantages of this invention over the 
35 prior art are that: (1) it employs the use of a catalyst 
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system containing low amounts of one or more alkyl 
titanates in combination with a phosphorus-based 
compound in order to make poly (ethylene terephthalate) 
or modified poly (ethylene terephthalate) of sufficient 
5 molecular weight to be useful in molding applications, 

(2) the product has good clarity (less haze) and color, 

(3) there is a lower amount of metal and acetaldehyde in 
the final product and (4) obtaining a slow 
crystallization rate in poly (ethylene terephthalate) or 

10 modified poly (ethylene terephthalate). 

Detailed De scription of the Preferred Embodiments 

This invention involves a process of producing a 
moldable polyethylene terephthalate or modified 

15 polyethylene terephthalate having an inherent viscosity 
greater than 0.65 dL/^g, preferably greater than 0.70 
dL/^g, comprising reacting a diacid or diester component 
comprising at least 65 mole % terephthalic acid or - 
C4 dialkylterephthalate, preferably at least 70 mole %, 

20 more preferably at least 75 mole %, even more 

preferably, at least 95 mole %, and a did component 
comprising at least 65 mole % ethylene glycol, 
preferably at least 70 mole %, more preferably at least 
75 mole %, even more preferably at least 95 mole %. It 

25 is also preferable that the diacid component is 

terephthalic acid and the diol component is ethylene 
glycol. The mole percentage for all of the diacid 
component totals 100 mole %, and the mole percentage for 
all of the diol component totals 100 mole %. 

30 After melt and/or solid phase polycondensation the 

polyesters have an inherent viscosity (I.V.) of about 
0.65 to about 1.2 dL/g, preferably 0.75 dL/g measured at 
25*>C in a 60/40 ratio by weight of 
phenol/tetrachloroethane . 
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miere the polyester components are modified by one 
or more diol components other than ethylene glycol, 
suitable diol components of the described polyesters may 
be selected from 1 , 4— cyclohexanedimethanol , 1,2— 
5 propanediol, 1 , 3-propanediol , 1,4-butanediol, 2,2- 
dimethyl-l , 3-propanediol , 1 , 6-hexanediol , 1,2- 
cyclohexanediol, 1 , 4-cyclohexanediol , 1,2- 
cyclohexanedimethanol , 1 , 3-cyclohexanedimethanol , Z , 8- 
bis(hydroxymethyl)-tricyclo-[5.2-1.0]-decane wherein 2 
10 represents 3, 4, or 5; and diols containing one or more 
oxygen atoms in the chain, e.g., diethylene glycol, 
triethylene glycol, dipropylene glycol, tripropylene 
glycol and the like. In general, these diols contain 2 
to 18, preferably 2 to 8 carbon atoms. Cycloaliphatic 
15 diols can be employed in their cis or trans configura- 
tion or as mixtures of both forms. A preferred 
modifying diol component is i,4-cyclohexanedimethanol. 

Where the polyester components is modified by one 
or more acid components other than terephthalic acid, 
20 the suitable acid components (aliphatic, alicyclic, or 

aromatic dicarboxylic acids) of the linear polyester may 
be selected, for example, from isophthalic acid, 1,4- 
cyclohexanedicarboxylic acid, 1,3- 

cyclohexanedicarboxylic acid, succinic acid, glutaric 
25 acid, adipic acid, sebacic acid, 1, 12-dodecanedioic 

acid, 2,6-naphthalenedicarboxylic acid and the like. In 
the polymer preparation, it is often preferable to use a 
functional acid derivative thereof such as the dimethyl, 
diethyl, or dipropyl ester of the dicarboxylic acid, 
3 0 The anhydrides or acid halides of these acids also may 
be employed where practical. 

The linear polyesters may be prepared according to 
polyester forming conditions well known in the art. 
The reaction should occur at a temperature to effect 
35 ester if ication and polycondensation. For example, a 
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mixtxxre of one or more dicarboxylic acids, preferably 
aromatic dicarboxylic acids, or ester forming 
derivatives thereof, and one or more diols may be heated 
in the presence of esterif ication and/or 

5 transesterification catalysts at temperatures in the 
range of about 150* to about 300»C, preferably, about 
200 '^C to about 300»C, and even more preferably, about 
260*0 to about 300«C, and pressures of atmospheric to 
about 0.2 mm Hg. Normally, the dicarboxylic acid is 

10 esterif ied with the diol(s) at elevated pressure and at 
a temperature at about 240«»C to about 270**C. 
Polycondensation then is effected by increasing the 
temperature and lowering the pressure while excess diol 
is removed from the mixture. 

15 The reaction is carried out at a temperature to 

effect esterif ication or ester interchange and 
polycondensation in the presence of a catalyst system 
comprising from about 1 to about 50 parts of titanium in 
the form of an alkyl titanate and from about 1 to about 

20 100 parts of phosphorus in the form of a phosphate ester 
or phosphoric acid, each of the parts of the catalyst 
system representing per million parts of polymer product 
and the diacid or diester component totaling 100 mole % 
and the diol component totaling 100 mole 

25 Alkyl titanates useful within the context of this 

invention include: acetyl triisopropyl titanate, 
titaniiim tetraisopropoxide, titanium glycolates, 
titanitun butoxide, hexyleneglycol titanate, 
tetraisooctyl titanate, titanium tetreunethy late , 

30 titanitim tetrabuty late , titanium tetra-isopropylate, 
titanium tetrapropy late , tetrabuty 1 titanate, and the 
like. A preferred alkyl titanate is acetyl triisopropyl 
titanate. 

The preferred phosphorus-based compound is a 
35 phosphate ester. 
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It is more preferred that the phosphate ester has 
the formula 



wherein n has an average value of 1.5 to about 3.0 
> with about 1.8 being most preferred and each R is 

hydrogen or an alkyl radical having from 6 to 10 
carbon atoms with octyl being most preferred, the 
ratio of the number of .R groups or hydrogen atoms 
to the n\imber of phosphorus atoms being about 0.25 
3 to 0.50 with about 0*35 being most preferred; and 

the ester having a free acidity equivalent of about 
0.2 to 0.5* 

Other phosphate esters useful in this invention 
include ethyl acid phosphate, diethyl acid phosphate, 
5 triethyl acid phosphate, arylalkyl phosphates, tris-2- 
ethylhexyl phosphate and the like. 

Another preferred phosphorus-based compound is 
phosphoric acid. 

It is preferred that the catalyst system of the 
0 invention comprises about 3 to about 10 parts of 

catalyst metal in the form of tetraisopropyl titanate 
and from about 5 to about 15 parts of phosphorus in the 
form of said phosphorus-based compound. 

It is preferred in the process of this invention 
5 that the catalyst system further comprises an inorganic 
toner or an organic toner. Where the toner is an 
inorganic one, salts of cobalt are preferred. The 
cobalt toner is usually added after the ester if ication 
step before polycondensation when a diacid is reacted. 
0 In the case of the reaction at a diester, the toner may 



5 



0»?0 — i — C2H4O — )-n ^1 
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-lo- 
be present during transesterif ication and during the 
polycondensation step. 

Examples of suitable cobalt salts are cobaltous 
acetate trihydratei cobaltous nitrate, cobaltous 
5 chloride, cobalt acetylacetanoate, cobalt naphthenate, 

and cobalt salicyl salicylate and cobalt acetate. It is 
preferred that the salt of cobalt is cobalt acetate. 

When the cobalt salt is cobalt acetate, it is 
preferable that the cobalt acetate is present in the 
10 amount of 10-120 ppm Co, the acetyl triisopropyl 

titanate is present in the amount of 1-50 ppm Ti, and 
the phosphorus-based compound is present in the amount 
of 1-100 ppm phosphorus, all parts by weight based on 
the total weight of the polymer. 
15 Where the toner is an organic one, it is preferred 

that the toner is an organic toner system comprising 
about 1 to about 10 ppm of at least one copolymerizable 
6-arylamino -l-cyano-3H-diben2 [f , i j 3 isoguinoline-2 , 7- 
dione or at least one copolymerizable l,4-bis(2,6- 
20 dialkylanilino) anthraquinone compound in combination 
with at least one bis anthraquinone or bis 
anthrapyr idone ( 6-arylamino-3H-dibenz [ f r i j 3 isguinoline- 
2^7-done) compound, wherein the organic toners contain 
at least one, preferably two polyester reactive- groups. 
25 A preferred organic toner comprises at least one 6- 

arylamino-l-cyano-3H-dibenz [f , i j ] isoquinoline-2 , 7-^iones 
having the formulae 

35 Z*"^. 

\y li II -I R- 

jr • • • 1 

/ \ / \ ^ 



30 



45 (Rj).. 11- 



N 
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Wherein 

R is hydrogen, cycloalkyl, allyl, alkyl, aryl, 
aralkyl, alkoxyalkyl or cycloalkylalkylene; 
5 is hydrogen, halogen, alkyl, alkoxy, aryloxy, 

alkylthio or arylthio; 
R2 is hydrogen, halogen, alkyl, aryl, alkoxy, 
aryloxy, alkylthio, arylthio, carbalkoxy, 
carbaryloxy, carbaralkoxy , carboxy, sulfamoyl, 

10 alkylsulfanoyl, dialkylsulfamoyl, 

alkylarylsulf amoyl , cycloalkylsulf ainoyl , 
arylsulfamoyl, carbamoyl, alkylcarbaaoyl, 
dialkylcarbainoyl , alkylarylcarbamoyl , 
cycloalkylcarbamoyl, arylcarbamoyl, 2- 

15 pyrrolidono, acylamido, or N-alkylacylamido; 

R3 is one or more residues selected from the 

group consisting of hydrogen, halogen, alkyl 
and alkoxy; and 
X is an integer of 1 to 5; wherein one or more 

20 of the alkyl, alkoxy, alkoxy, aryl, aryloxy, 

alkylthio, arylthio or aralkyl residues may 
contain one or more reactive groups selected 
from the group consisting of carboxy, 
carbalkoxy, carbaryloxy, N-alkyl-carbamoyloxy, 

25 carbamoyloxy, acyloxy, chlorocarbonyl, 

hydroxyl, cycloalkylcarbonyloxy , N- 
arylcarbamoyloxy and N,N-<iialkylcarbamoyloxy 
and wherein said alkyl and aryl groups may 
contain substituents selected from the group 

30 consisting of alkoxy, acyloxy, cyano, hydroxy, 

halogen and acylamido; wherein at least one 
polyester reactive group is present to permit 
copolymer ization. These toners are disclosed 
in United States Patent 4,754,174, which is 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 96/19520 



PCTAJS95/16378 



- 12 - 



5 



20 



55 
60 
65 



incorporated herein by reference in its 
entirety. 

Even more preferably, the organic compound useful 
in this invention when copolymerized is 



• « • ^ 

^ \ / \ / ''^ 

• • • • 
I II I) I 

• • • - • 

x / \ ^ _ 
6 ia— <* *>- c,H.0H 

9 •8B« 



30 The preferred organic toner system of 

this invention are certain blue substituted l,4-bis(2,6- 
dialKylanilino) anthraquinones in combination. with 
selected red anthraquinone and anthrapyridone (3H- 
diben2[f i, j]isoquinoline-2,7-dione) compounds as 

35 disclosed in United States Patent 5,372,864 which is 
hereby incorporated by reference in its entirety. 

More particularly, this organic toner system is 
comprised of at least one blue l,4-bis(2,6- 
dialkylanilino) anthraquinone (s) of formula (1): 

40 

Ti.^[S02N(R4)R5X]^ 

50 y-^y^y^ ^2 

I (I II I 



ft A„-< <-R3 



(I) 
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- 13 - 

wherein: 

R Is selected from the group consisting of 
hydrogen, C^-Cg alkyl, halogen, carboxy, and C^-Cg 

alkoxy-?— ; 



and R2 are independently C^-Cg-alky 1 ; 
R3 is selected from the group consisting of 
hydrogen, halogen, C^-Cg-alkyl, substituted C^-C^ alkyl, 
15 hydroxy, Ci--Cg-alkoxy, substituted Cj-C^-alkoxy, cyano, 
thiocyano,C^-Cg-alkylthio, substituted C^-Cg-alkylthio, 
Ci-Cg-alkylsulfonyl, substituted Cj-Cg-alkylsulf onyl, 
C^-Cg-alkoxycarbonyl, carboxy, aryloxy, arylthio, aryl- 
sulfonyl, and S02N(R4)R5X when m and/or n are zero; 
20 R4 is selected from the group consisting of 

hydrogen, Ci-Cg-alkyl, substituted Cj^-Cg-alkyl, 
Ca-Cg-alkenyl, C3'-<:B-alkynyl , Cg-C^-cycloalkyl and aryl; 

R5 is a linking group selected from the group 
consisting of Ci^g-alkylene, C^-Cfi-alkylene-Z-Ci-Ce- 
25 alkylene, arylene-c^-Cg-alkylene, arylene-Z-Ci-Cg- 

alkylene, C3-C7-cycloalkylene, Ci-Cg-alkylene-cyclo- 
alkylene-C^-Cg-alkylene, Ci-C^-alkylene-arylcne-Ci-Cg- 
alkylene , and Cj^-Cg-alkylene-Z-arylene-Z-C^-^Tg-alkylene , 
wherein Z is selected from -S- or SO2; 

30 X is hydrogen or a polyester reactive group; and 

m and n are independently 0 or 1; with the proviso 
that at least one polyester reactive group is present. 

The red components which may be blended with blue 
components of formula I above have the following 
35 structural formulae II - X: 
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5 
10 
15 



45 

50 



85 
90 
95 
100 



9 'F-i''^ 



I n 



6 



20 2 6'p 



25 



II 



30 ^ ipiCHj— : S ^— CH,X 



35 i tl II t 



III 



9 l?HCH2-< 



55 y "^.^ ^-"2-6'? , 

I II II I ' 



NH^.^ ^ ^ 

(C6,R,), 



60 CHj 
65 ^^^2"6'p 



70 IV p 

I II n I 

/ N / \ 
• • ■ 

& 
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40 
45 

50 



60 



70 
75 



95 
100 



. • • • . J. 

> \, y % R« 



X-C5I^-<:-CH 



II II 



5 
10 
15 
20 

" 9 

30 II V^ll 

/'n /X 

• • • • 

35 I II II I 



VI 



/ \ / \ 



• as* 



-.^12 



VII 



^3. 



55 



II T "11 
/*\ /X 

« • • 

II il t 

"7 



■ • • * • 

65 6 Ah—. ' 



VIII 



80 R 9 

85 .1' T ^^^1 

I il 1*1 I ; and 



6 ibi-< ^. 

IX 
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5 ^14 ^ 

II T "11 
10 y's. 

• • • • 

I II II ! Q 



15 
20 
25 



• • * ^ N. / 



X 



wherein: 

is selected from the group consisting of 
hydrogen, C^-Cg-alkyl, substituted C^-Cg-alkyl, 
30 C3-'C7-cycloalkyl or aryl; 

R7 is hydrogen or one to three groups selected 
from Cj-Cg-alkyl, substituted C^-Cg alkyl, C^-C^- 
alkanoylamino, halogen, hydroxy Ci^Cg-alkyl, C^-Cg- 
alkoxy, C^-Cg-alkylthio; 
35 Rg and R9 are the same or different and are 

selected from the group consisting of C^-Cg-alkyl, 
substituted Ci-Cg-alkyl, C3-C7^ycloalkyl or aryl; 

R;^Q is selected from the group consisting of 
C^-Cg-alkyl, C3-C7^ycloalkyl or aryl; 
40 Rii is selected from the group consisting of 

hydrogen, Ci-^Cij-alkyl, substituted Ci-Cij'^alkyl, 
C3-C7--cycloalkyl and aryl; 

hydrogen or one to three groups selected 
from the group consisting of Ci-C^-alkyl, substituted 
45 Ci-Cg-alkyl, C^-Cg-alkoxy, substituted C^-Cg-alkoxy, 

C^-Cg-alkylthio, substituted Ci-Cg-alkylthio, halogen, 
hydroxy, Ci-Cg-alkanoylamino, aroylamino, C^-Cg-alkyl- 
sulf onylamino and arylsulf onylamino; 

R^3 and Ri4 are selected from hydrogen, cyano or 

50 CO2R10' 

Ri5 is ^4 ^5^ *s previously defined; 
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L is -CO- or -SO2-; X is as previously defined; m 
is 0 or 1; p is 1 or 2; with the provisos that R^j is 
hyrogen when a is 0 and at least one polyester reactive 
group is present. 
5 In a preferred embodiment, the blue anthraquinone 

compound (s) correspond to structure (I) above, wherein R 
is hydrogen; R^ and Rj are independently selected from 
methyl and ethyl; R3 is hydrogen, methyl, or bromo; R4 
is hydrogen, Ci-C4-alkyl or atyl; R5 is selected from 

10 the group consisting of Cj^-Cg-alkylene, 

C^-C4-alkylene-0-Ci-C4-alkylene, -CHjCgHioCHj-, arylene, 
or -CH2-alkylene- and the red component corresponds to 
formula (V) , wherein R7 is C^-C^-alkoxy and R4 and R5 
are as defined in claim 1. 

15 In an especially preferred embodiment of the 

present invention, the blue compound of formula (1) is 



20 



f2«5 



30 I II II 1 2 4 

Th S02< 

40 '^2"5 X-H.OH 

2 4 

45 

50 and the red compound of formula (V) is 
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45 



50 



10 II I ^— C ^C.H- 

15 i 5 5 J 'V4«« 

HoCjH^H^ %y 



^ ^ 

25 AcH, 



20 



30 

In a further preferred embodiment, the 
concentration of blue and red compounds taken together 
is from about 0.5 ppm to about 10 ppm. Most preferably, 
35 the total concentration of blue compound is 1 to 7 ppm 

and total concentration of red compound is 0.5 to 3 ppm. 

The term "polyester reactive group** is used herein 
to describe a group which is reactive with at least one 
of the functional groups from which the polyester is 
40 prepared under polyester forming conditions. Examples 
of the groups which X may represent include hydroxy, 
carboxy, an ester group, amino, C^-Cg-alkylamino, etc. 
The ester radicals may be any radical having the 
formulae 



Wherein R^g is selected from the group consisting of 
55 C;i-Ce-alkyl, substituted C^^g-alkyl, C3-C7-cycloalkyl or 

aryl. Reactive group X is preferably hydroxy, carboxy, 

Cj-Cj-alkoxycarbonyl or acetoxy. 

In the terms "substituted CjL-<:6-alkyl" , 

"substituted C^-C^j-alkyl" , "substituted Cj-Ce-alkoxy" , 
60 "substituted Ci-Cg-alkylthio" , "substituted 0^-0^- 

alkylsulfonyl", "Ci-C^-alkylsulf onylamido" , "substituted 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 96/19520 



PCT/US95/16378 



alkylene", "Cj^-Cg-alkoxycarbonyl" , the alkyl and 
alkylene groups or portions of the groups may contain as 
further substituents one or more groups i preferably one 
to three groups selected from the group consisting of 
5 hydroxy, halogen, cyano, aryl, aryloxy, arylthio, 
Ci--C4-alkylthio, C2-C4-alkylthio, C3-C7-cycloalkyl, 
Ci-C4-alkanoyloxy and -(-0-Ri7-)p-Rig, wherein is 
selected from the group consisting of C^—C^— alkylene, 
c^-Cg-^alkylenearylene, cyclohexylene, arylene, and 

10 C^— Cg— alkylenecyclohexylene; R^g selected from the 
group consisting of hydrogen, hydroxy, carboxy, C1--C4— 
alkanoyloxy, C2-C4— alkoxycarbonyl, aryl, and C3— C^- 
cycloalkyl; and p is 1, 2, 3, or 4. 

The tern "aryl** as used herein preferably denotes 

15 phenyl and phenyl substituted with one to three 

substituents selected from the group consisting of 
C^-Cg— alkyl, Ci--Cg— alkoxy, halogen, carboxy, cyano, 
Cj-Cg-alkylthio, C^-C^-alkylsulfonyl, trif luoromethyl , 
hydroxy, C^-Cg-alkanoyloxy, C^-Cg-alkanoylamino, and 

20 C^-^Cg— alkoxycarbonyl . 

The term "arylene" includes 1,2-, 1,3- and 
1,4— phenylene and such radicals substituted one to three 
times with C^-Cg-alkyl, C^^-Cg-alkoxy, C^-Cg-alkoxy- 
carbonyl, or halogen. 

25 The terms "03— Cg— alkenyl" and "Ca-Cg-alkynyl" are 

used to denote aliphatic hydrocarbon moieties having 3—8 
carbons and containing at least one carbon-carbon double 
bond and one carbon— carbon triple bond, respectively. 
The term "halogen" is used to indicate bromine, 

30 chlorine, fluorine, and iodine. 

The terms "C^-Cg-alkanoyloxy" and "C^-Cg— alkanoyl- 
amino" are used to represent radicals of the formulae 

^19*^"^ ^19"^"^ ^ ^6^"" ' respectively. 
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15 



20 



5 Wherein R^g is a straight or branched chain Cj-Ce-alkyl 
radical and Rg is as defined above. 

Thus, the present invention provides a molding or 
fiber grade polyester preferably having copolymerized 
therein, in an amount sufficient to improve the apparent 
10 whiteness and/'or clarity of the polyester, a blue 

1 , 4-bis ( 2 , 6-Haialky lanilino) anthraquinone compounds of 
Formula (I) plus a red anthraquinone or anthrapyridone 
compounds of formulae (II) - (X) above. In this regard, 
the blue and red compounds will not be present in an 
amount sufficient to impart a substantial amount of 
color to the polyester. 

The organic toners may be added before the 
ester if ication, transesterif ication or polycondensation 
steps. As a further aspect of the present invention, 
the method provided herein also involves the step of 
imparting clarity to the poly (ethylene terephthalate) or 
modified poly (ethylene terephthalate) of the invention. 

In yet another aspect of the invention, there is 
provided in the method of polymerization, in the melt, 
of an aromatic. polycarboxylic acid or anhydride with a 
glycol using titanium compound catalysts to form high 
molecular weight linear polymers, the improvement 
comprising 

(a) ester if ying the acid or anhydride with the 
glycol in the presence or absence of from 
about 1 ppm of Ti to about 50 ppm of Ti as an 
alkyl titanate at a temperature of between 
about 197 "C and about 300»C. for a period of 
from about 0.5 hours to about 7 hours at a 
pressure of between about 0 psig and about 100 
psig at a molar ratio of glycol to acid or 
anhydride of about 1.1:1 to about 3:1, 
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(b) further reacting and polycondensing the 
product of step (a) which contains the above 
mentioned titanium catalyst, in contact with a 
phosphorus based compound at about 1 to about 

5 100 ppm phosphorus at a temperature of from 

about 250 to 310^0, under vacuum of from about 
0.1 Torr to about 200 Torr for a period of 
from about 0.5 hour to 12.0 hours while 
removing the products of condensation so that 

10 the resulting polymer has an intrinsic 

viscosity between about 0.4 to about 1.2 and 
contains less that 5 percent by weight 
diethylene glycol, without adding a diethylene 
glycol inhibitor, with each of the parts of 

15 the compound being per million parts of the 

first polymer product and 

(c) further polycondensing the crystallized 
product of step (b) in the solid— state and in 
the presence of countercurrent inert gas or 

20 under vacuum and at elevated temperatures of 

from about 200*C to about 235**C for 2-24 
hours • 

Molded articles or fibers can be prepared from the 
product of the invention. Containers are the preferred 
25 molded article. 

As noted above, the toner blends of the present 
invention can be added before or during polymerization. 

Accordingly, as a further aspect of the present 
invention, there is provided a premix composition 
30 comprising a blend of at least one blue 

l,4-bis(2,6~dialkylanilino)anthraquinone compound of 
formula (I) , along with a red anthraquinone or 
anthrapyridone compound of formulae (II) - (X) above. 
The premix composition may be a neat blend of the red 
35 and blue compounds or the composition may be 
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pre-^issolved in one of the polyester' s Bonomeric 
species, e.g., ethylene glycol. ^ 

The total amount of tonir components added depends, 
of course, on the amount of inherent yellow color in the 
polyester. Generally, a maximum concentration of about 
10 ppm of combined toner components and a minimum 
concentration of about 0.5 ppm are required with about 
I - 7 ppm of blue component (I) in combination with 
about 0.5 - 3 ppm of red components of formulae (II - X) 

being preferred. 

The blue anthraquinones of formula (I) can be 

prepared in general by reaction of leuco ^i^^""" 
(1,4,9. lo-tetrahydroxyanthracene) compounds with an 
L;ess Of aromatic amines, preferably in the presence of 
acid catalysts such as boric acid as described in U.S. 
patent No. 3,918.976, incorporated herein by reference 



20 

25 

30 

35 
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and as follows: 
<pH 9H 

i 1 'J ! 
6h 6h 



acid 



Excess 



catalyst 



y^y^y ^. *2 

i n i> ! R 



1. CISO3H 
^ 2. HN(R4)R5X 

(I) 
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The 1 , 4-bi6 (2 , 6-dialkylanilino) anthraquinone 
compounds thus produced are readily functionalized if 
needed by first chlorosulfonating with chlorosulfonic 
5 acid to produce di— sulfonyl chlorides which can be 
reacted with amines containing polyester reactive 
groups, the general method being disclosed in U.S. 
Patent No. 2 , 731, 476 , incorporated herein by reference. 
Typical amines corresponding to formula HN(R4)R5X 

10 include 2-aminoethanol, 2r2-iminodiethanol, l-amino-2,3- 
propanediol , 2-methy laminoethanol , 2— ethy laminoethanol , 
2-anilinoethanol, methyl anthranilate, methyl m-amino 
benzoate, p— aminobenzoic acid, m*aminophenol, 6*amino— 
hexanoic acid, /J~alanine, glycine ethyl ester, 

15 2- (p-aninopheny 1 ) ethanol , 2- (p-aminophenoxy ) ethanol 
4-aminomethylcyclohexane methanol and 3-amino-2,2- 
dimethyl- 1-propanol . 

Red compounds (II) can be prepared by reacting 
1,5-Hlichloroanthraguinone and/or 1 , 8-dichloro- 

20 anthraquinone or mixtures thereof with o, m- and 

p-aminobenzoic acids (and esters thereof) by a modified 
Ullmann reaction involving nitrogen arylation of the 
anilines in the presence of copper catalysts (see U.S. 
Patent No. 4,359,580, incorporated herein by reference } • 

25 Red compounds of formula (III) can be prepared as 

described in U.S. Patent No. 4,420,581 and compounds of 
formula (VI) can be prepared as in U.S. Patent No. 
4,999,418, incorporated herein by reference. 

Red anthraquinone compounds of formula (IV) can be 

30 prepared by reacting 1 , 5-dichloroanthraquihone and 
l,8--dichloroanthraquinone or mixtures thereof with 
substituted benzyl amines by procedxires similar to those 
used in preparing compounds of formulae (III) and (VI) . 
Red anthrapyridone compounds (VII) can be prepared 

35 as disclosed in U.S. Patent No. 4,790,581 incorporated 
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herein by reference; procedures useful in preparing red- 
violet anthrapyridone compounds (VIII) and (IX) are 
disclosed in U.S. Patent No. 4, 745, 174, incorporated 
herein by reference. 
5 Haze half-times are defined as the time after the 

start of crystallization of a material when the level of 
haze becomes such that the amount of light transmitted 
through a film of the sample reaches half of its maxmium 
value. This half time is roughly the same as the 
10 crystallization half-times known in the art. Examples 
of measurements of crystallization half-times are 
disclosed in J. Polvmer Sci. A2 , Vol. 6 (1962) by Adams 
and Stein* 

A haze half time test has been found to be useful 

1,5 in determining haze results in molded preforms. It has 
been found to be an excellent measure of crystallization 
rate with respect to bottle polymer applications. 
Polymers with higher haze half times are less likely to 
contain haze in preforms. In this test, a hazemeter is 

20 used to measure the light absorbance of a molten polymer 
film as it crystallizes and becomes more turbid (hazy) ; 
the resulting turbidity verses time data are analyzed to 
obtain a half time. The haze half time test has been 
used to measure the crystallization rate in the 

25 experimental section as follows below. This invention 
involves a process for preparing polyesters having a 
slow crystallization rate, using TPA as the primary 
source of the terephthalate moiety, long melt phase 
poly condensation times, and a catalyst system as 

30 described herein. 

The haze half-times referred to in the following 
examples are measured by method described as follows: 
The polymer sample (a fine powder) is melted for 
about 20 seconds between 2 aluminum blocks heated to 

35 about 280*^0, The sample is transferred to a set of 2 
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aluminum blocks heated to about 130«C. Light is 
transmitted from a projector lamp which is sent through 
the sample as it crystallises isdthermally and the light 
intensity is measured using a photodetector • The 
5 photodetector signal is recorded using a computer and is 
analyzed to determine the time after the start of 
crystallization when the level of haze becomes such that 
the amount of light transmitted through a film of the 
sample reaches half of its maximum. 
10 Polymer prepared using this process has a 

significantly higher haze half time than polymer 
prepared by conventional processes such antimony (Sb) 
based catalyst combined with phosphorus (see attached 
Table 1) . Polymer prepared by the process described in 
15 this invention is useful for obtaining poly (ethylene 

terephthalate) or modified poly (ethylene terephthalate) 
with a slow crystallization rate for molding haze free 
preforms which are used to blow mold bottles of 
different sizes. 
20 This invention can be further illustrated by the 

following examples of preferred embodiments thereof, 
although it will be understood that these examples are 
included merely for purposes of illustration and are not 
intended to limit the scope of the invention unless 
25 otherwise specifically indicated. The starting 

materials are commercially available unless otherwise 
indicated. 

BXAMPItES 

30 ^xamnle 1 - Preparation of Terephthalic Acid (TPA) 

Based Oligomer 

Ethylene glycol (450 lbs) was placed in a paste 

preparation vessel. The agitator of the vessel was 

started. TPA powder (1050 lbs) was added slowly at a 

35 rate of 30 Ibs/Tnin, The paste was allowed to circulate 
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for 1 hr with a heating loop on the vessel maintained at 
40 to obtain a slurry. The slurry was feed at a rate 
of 4 Ibsxhr to obtain a total feed of 493 lbs into an 
esterification vessel which contained a heal from a 
5 previous run and was at 250»C. This vessel was equipped 
with a stirrer and a low boiler column to collect 
distillates. The temperature was ramped from 250»C to 
265»C in 1 hr after feeding all of the ethylene 
glycoly^PA slurry. The pressure of the vessel was built 
10 to 25 psig and maintained. The esterification reaction 
was allowed to proceed until the level of water in the 
low boiler column was at a steady state. A portion of 
the final oligomer was dumped into metal cans and 

allowed to cool. The final oligomer was ground to 3 to 
15 5 mm particle size. The oligomer had an acid number of 

5.40 and was found by analysis to contain 71.43 

equivalents carboxyl per million grams. The by GPC 

was 953 and the M„ by GPC was 1470. 



20 



25 



30 



35 



40 



ffvMTnple 2 - Preparation of PET Precursor Using Sh^P 
catalyst 

The following materials were placed in a stainless steel 
reactor equipped with a nitrogen inlet, stirrer, and 
vacuum outlet. 

1090 g TPA based oligomer described in Example 1 

0 0029 g l-cyano 6-[4'-(2-hydroxyethyl)anilino]-3H- 
dibenz [ f , i j 3 isoquinoline-2 , 7-dione 

0.0318 g antimony trioxide 

10.2 ml of an ethylene glycol slurry of mixed 
phosphorus ester compositions (Merpol A) 
containing 0.07488 g phosphorus 

1.4 g of diethylene glycol (2,2'-oxydiethanol) 
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The temperature of the reactor and contents was 
elevated from room temperature to 280 over a 70 minute 
time interval with a nitrogen sweep over the reaction 
mixture. Stirring was begun when the internal 
5 temperature of the reaction bad reached 220 Vacuum 
was applied at 2B6<>C. The pressure was reduced to 200 
torr and was held at 200 torr for 10 minutes. The 
pressure was reduced to 2.5 torr and the melt phase 
polycondensation reaction was completed by heating at 

10 2.5 torr for 3 hours. The polymer was extruded from the 
reactor through ice water in a metal trough into a 
pelletizer to obtain polymer pellets. The palletized 
polymer had an inherent viscosity of 0.57 dL/g and was 
shown by analysis to contain 2 wt % diethylene glycol 

15 (DEG) . 

Example 3 - Solid State Polycondensation of 

poly (ethylene terephthalate) (PET) from 
20 Example 2 

PET polymer pellets (160 g) from Example 2 were 
crystallized in a 180«^C air oven for 45 minutes. The 
crystallized pellets were placed in a solvent heated 

25 glass solid stating apparatus with the nitrogen flow set 
at 14 SCFH (standard cubic feet per hour) . Methyl 
salicylate was used as the ref luxing solvent to yield a 
solid stating temperature of 222 to 223 «C. The 
pellets were allowed to polycondense in the solid state 

30 for 3 hrs and 25 min. The resulting polymer had an 

inherent viscosity of 0.72 dL/g and haze half times of 
65 and 70 seconds on duplicate samples. 

35 
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15 



20 
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Bv^tnple 4 - Preparation of PET Precursor Using TixP 
Catalyst 

The following materials were placed in a stainless 
steel reactor equipped with a nitrogen inlet, stirrer, 
and vacuum outlet. 

1090 g TPA based PET oligomer described in 
Example 1 

0.0029 g 1-cyano 6-[4'-{2-hydroxyethyl)anilino]-3H- 
dibenz [f , i j ) isoquinoline-2 , 7-dione 

1.95 g diethylene glycol 

0.16 ml acetyltriisopropyl titanate in butanol 
containing 0.0048 g of Ti 

0.6 ml of an ethylene glycol slurry of "jjjf 
ester composition (Merpol A) containing 0.0048 g P 

The heating, polycondensation, and pelletization 
were done as described in Example 2 except the final 
melt phase polycondensation stage was done at 3.25 torr 
for 3 hours. The final pelletized polymer had an 
inherent viscosity of 0.58 dL/g and was shown by 
analysis to contain 1.87 wt % DEG. 

5 - solid State polycondensation of PET from 
Example 4 

PET polymer pellets (160 g) from Example 4 were 
crystallized and allowed to polycondense in the solid 
state as described in Example 3 except the solid state 
polycondensation was done for 4 hours and 39 minutes. 
The resulting polymer had an inherent viscosity of 0.71 
dL/g and haze half times of 126 and 132 seconds on 
duplicate samples. 

AS shown in Table I, polymers prepared by the 
process described in this invention is useful for 
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Obtaining a poly (ethylene terephthalate) based polyester 
with a slow crystallization rate for molding haze 
prefonDB which are used to blow mold bottles of 
different sizes. 

TABLB 1 

Haze Half Times of PET Polymers^ 

Example Number Catalyst System^ Haze Half Time^ 

(ppm) (seconds) 

Example 3 227 Sb, 78 P 65, 70 

Example 5 5 Ti, 6 P 126, .132 



(a) The PET polymers are terephthalic acid based 
20 and were prepared using a melt phase 

polycondensation time of 3 hrs. 

(b) The catalyst levels contained in the polymers 
were determined by X-ray fluorescence 
analysis. 

25 (c) PET polymers with higher haze half times show 

less propensity for haze when bottle preforms 
are molded. 
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CIAIMS 

We claim: 

5 !• A process of producing a noldable polyethylene 

terephthalate or modified polyethylene 
terephthalate having an inherent viscosity greater 
than 0.65 dL/g comprising: 

reacting a diacid component further comprising 
10 at least 65 mole % terephthalic acid or a diester 

component comprising at least 65 mole % — C4 
dialkyl terephthalate and a diol component 
comprising at least 65 mole % ethylene glycol at 
temperatures to effect steps (A) and (B) as 
15 follows: 

(A) ester if icat ion or transesterif ication, 
wherein said esterif ication is carried 
out, 

optionally, in the presence of about 
20 1 to about 50 parts of titanium 

present in the form of an alkyl 
titanate or 

optionally, in the presence of a 
catalyst system comprising from 
25 about 1 to about 50 parts of 

titanium present in the form of an 
alkyl titanate and from about 1 to 
about 100 parts of phosphorus in the 
form of a phosphate ester or 
3Q phosphoric acid, and 

wherein said transester if ication is 
carried out in the presence of from about 
1 to about 50 parts of titanium in the 
form of an alkyl titanate; and 
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10 

15 2. 

20 3. 

4. 

25 

5. 



(B) polycondensation, wherein said 

polycondensation is carried out in the 
presence of a catalyst system comprising 
from about 1 to about 50 parts of 
titanium present in the form of an alKyl 
titanate and from about 1 to about 100 
parts of phosphorus in the form of a 
phosphate ester or phosphoric acid; 
each of the parts of the catalyst representing per 
million parts of polymer product, wherein the mole 
percentage for all of the diacid component totals 
100 mole %, and wherein the mole percentage for all 
of the diol component totals 100 mole %. 

The process of Claim 1 wherein said diacid 
component comprises at least 95 mole * terephthalic 
acid and the diol component comprises at least 95 
mole % ethylene glycol. 

The process of Claim 1 wherein said diacid 
component is terephthalic acid and said diol 
component is ethylene glycol. 

The process of claim 1 wherein said alkyl titanate 
is acetyl triisopropyl titanate. 

The process of claim 1 wherein said phosphorus- 
based compound is a phosphate ester. 

The process of Claim 5 wherein said phosphate ester 
has the formula 



35 
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Wherein n has an average value of 1.5 to about 3.0 
and each R is selected from the group consisting of 
hydrogen or an alkyl radical having from 6 to lo 
carbon atoms, wherein the ratio of the number of R 
groups or hydrogen atoms to the number of 
phosphorus atoms being from about 0.25 to about 
0.50 and the ester having a free acidity equivalent 
of about 0.2 to 0.5. 



7. The process of Claim 5 wherein said phosphate 
esters comprise ethyl acid phosphate, diethyl acid 
phosphate, triethyl acid phosphate, arylalkyl 

15 phosphates, tris-2-ethylhexyl phosphate and 

mixtures thereof. 

8. The process of Claim 1 wherein said phosphorus 
compound is phosphoric acid. 

20 

9. The process of Claim 1 wherein said catalyst system 
comprises above 1 to about 20 parts of catalyst 
metal in the form of alkyl titanate and from about 
1 to about 50 phosphorus in the form of said 

25 phosphorus compound. 

10. The process of Claim 1 wherein said catalyst system 
comprises about 3 to about lO parts of catalyst 
metal in the form of an alkyl titanate and from 
about 5 to about 15 parts of phosphorus in the form 
of said phosphorus-based compoxind. 

11. The process of Claim 1 wherein said catalyst system 
further comprises an inorganic toner. 

35 
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12. The proceM of Claim 11 wherein said toner further 
comprises salts of cobalt. 

13. The process of Claim 11 wherein said salt of cobalt 
5 is cobalt acetate. 

14. The process of Claim 13 wherein said cobalt acetate 
is present in the amount of 10-120 ppm Co, the 
acetyl triisopropyl titanate is present in the 

10 amount of 1-50 ppm Ti, and the phosphorus-based 

compound is present in the amount of 1-1 00 ppm P, 
all parts by weight based on the total weight of 
the polymer. 

15 15. A process of producing a moldable polyethylene 
terephthalate or modified polyethylene 
terephthalate having an inherent viscosity greater 
than 0.65 dh/'g comprising reacting 

(a) a diacid or diester component comprising at 
20 least 65 mole % terephthalic acid or C^ - C^ 

dialkyl terephthalate, 

(b) a diol component comprising at least 65 mole % 
ethylene glycol, and 

(c) an organic toner system comprising about 1 to 
25 about 10 ppm of at least one copolymer izable 

6-arylamino -l-cyano-3H-diben2 [f,ij3 
isoquinoline-2,7-dione or at least one 
copolymerizable l,4-bi6 (2 , 6-dialkylanilino) 
anthraquinone compound in combination with at 

30 least one copolymer izable anthraquinone or red 

anthrapyr idone ( 6-arylamino-3H-dibenz [ f , i j ] 
isguinoline-2,7-done) compound at temperatures 
to effect steps (A) and (B) as follows: (A) 
esterif ication or transesterif ication, wherein 

35 said esterif ication is carried out, 
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optionally, in the presence of about l to 
about 50 parts of titanium present in the form 
of an alkyl titanate or optionally, in the 
presence of a catalyst system comprising from 
about 1 to about 50 parts of titanium present 
in the form of an alkyl titanate and froiD 
about 1 to about 100 parts of phosphorus in 
the form of a phosphate ester or phosphoric 
acid, and 



wherein said transesterif ication is carried 
out in the presence of from about 1 to about 
50 parts of titanium in the form of an alkyl 
titanate; and 

(B) polycondensation, wherein said 
polycondensation is carried out in the 
presence of a catalyst system comprising from 
about 1 to about 50 parts of titanium present 
in the form of an alkyl titanate and from 
20 about 1 to about 100 parts of phosphorus in 

the form of a phosphate ester or phosphoric 
acid; 

each of the parts of the catalyst representing 
per million parts of polymer product, wherein the 
25 mole percentage for all of the diacid component 

totals 100 mole %, and wherein the mole percentage 
for all of the diol component totals 100 mole %; 
wherein at least one polyester reactive group is 
present on each toner component used, 

16 The process of Claim 15 where the diacid or diester 
component comprises at least 95 mole % terephthalic 
acid or C1-C4 dialkyl terephthalate or mixtures 
thereof and the diol component comprises at least 
35 95 mole % ethylene glycol. 
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17 • The process of Claim 15 wherein the diacid 
component is terephthalic acid and the diol 
component is ethylene glycol. 

18. The process at Claim 15 wherein the toner comprises 
at least one 6-arylamino-l-cyano-3H-dibenz [f,ij] 
isoquinoline-2,7-diones having the formulae 



10 9 

NC -'/ ^-R 
15 . ' 



\ / \ / 

• • 

II II 

• • 

/ \ / V 

25 /X 
30 \^ 



1/ u II -I ^R. 

20 y\ X\ y ^ 

^ ^ • • • 

(R2)jt II- r 



wherein 

35 R is hydrogen, cycloalkyl, allyl, alkyl, aryl, 

aralkyl, alkoxyalkyl or cycloalkylalkylene; 
is hydrogen, halogen, alkyl, alkoxy, aryloxy, 
alkylthio or arylthio; 
Rj is hydrogen, halogen, alkyl, aryl, alkoxy, 

40 aryloxy, alkylthio, arylthio, carbalkoxy, 

carbaryloxy, carbaralkoxy, carboxy, sulfamoyl, 
alkylsulfamoyl, dialkylsulf amoyl, 
alky larylsulf amoyl , cycloalky Isulf amoyl , 
arylsulf amoy 1 , carbamoyl , alky Icarbamoy 1 , 

45 dialkylcarbamoyl, alkylarylcarbamoyl, 

cycloalkylcarbamoyl, arylcarbamoyl, 2- 
pyrrolidono, acylamido, or N-alkylacylamido; 
R3 is one or more residues selected from the 

group consisting of hydrogen, halogen, alkyl 

50 and alkoxy; and 
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X is an integer of 1 to 5; wherein one or more 
of the alkylr alkoxy, alkoxy, aryl, aryloxy, 
alkylthio, arylthio or aralkyl residues may 
contain one or more reactive groups selected 
5 from the group consisting of carboxy, 

carbalkoxy, carbaryloxy, N-alky 1-carbamoyloxy , 
carbamoyloxy, acyloxy, chlorocarbonyl, 
hydroxyl, cycloalkylcarbonyloxy, N- 
arylcarbamoyloxy and N,N-dialkylcarbamoyloxy 

10 and wherein said alkyl and aryl groups may 

contain substituents selected from the group 
consisting of alkoxy, acyloxy, cyano, hydroxy, 
halogen and acylamido; wherein at least one 
polyester reactive group is present to permit 

15 copolymer izat ion • 

19. The process of Claim 17 wherein the toner compound 
copolymerized is 



20 
25 
30 



NC • 

• ♦ • • 

I II II I 

• • • - • 

/ S. ✓ N <i> 



40 



20. The process of Claim 15 wherein said toner 
45 comprises at least one blue 

l,4-bis(2,6-dialkylanilino) anthraquinone compound 
of Formula (I) 
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R 

5 r 



10 
15 
20 
25 
30 



35 
40 



:.^tS02N(R4)R5X]^ 

/*\ y% 



I II II 



2 



(I) 

wherein: 

R is selected from the group consisting of 
hydrogen, C^-Cg alkyl, halogen, carboxy, and C^-Cg 

alkoxy-?-; 



and are independently C^-Cg-alkyl; 
R3 is selected from the group consisting of 
hydrogen, halogen, C^-C^-alkyl, substituted C^-Cg alkyl, 
45 hydroxy, Ci-C^-alkoxy , substituted C^-Cg-alkoxy , cyano, 
thiocyano, C^-Cg-alkylthio, substituted C^-Cg-alkylthio, 
C^-Cg-alkylsulf onyl , substituted C^-Cg-alkylsulf onyl, 
C^-Cg-alkoxycarbonyl, carboxy, aryloxy, arylthio, 
arylsulfonyl, and S02N(R4)R5X when m and/or n are zero; 
50 R^ is selected from the group consisting of 

hydrogen, C^-Cg-alkyl, substituted C^-Cg-alkyl, 
C3-Cg-alkenyl, Cj-Cg-alkynyl, C3-C7-cycloalkyl and aryl; 

Rg is a linking group selected from the group 
consisting of C^-Ce-alky lene , Ci-Cg-alkylene-Z-Ci-Cg- 
55 alkylene, arylene-Ci-Cg-^alkylene, arylene-Z-Ci-Cg 

alkylene, C3-C7-cycloalkylene, Ci-Cg-alkylene-cyclo- 
alky lene-^C^-Ce-alky lene , C^-Cg-alky lene~ary lene-C^-Cg- 
alkylene, and C^-Cg-alkylcne-Z-arylene-Z-Cj^-C^-alkylene, 
wherein Z is selected from -S- or SO2I 
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X is hydrogen or a polyester reactive group; and 
m and n are independently 0 or 1; with the proviso 
that at least one polyester reactive group is present; 

5 along with at least one red anthraquinone or 
anthrapyridone compound selected from formulae 
(II) - (X) below: 



^ ^ y \. y % 



20 6 
25 



2 6'p 



I II 



II 



9 l^CH2-<'s'>-CH2X 

• • • ^ • 

\ / \ / ^ 

• ♦ ♦ • 

I n II I 



40 

45 XCH 



50 III 
55 



9 i^HCHj-.- 



60 y^/XyX "^COjRg) 

I I! II ' *^ 



65 yy-cR^v^yY'^y 



'2 6'p 

IV 
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^ 9 X f* 

'-'^so,^ 



f7 y™^'^ V ^* 
^ * ^ 



II I y 

5* 



"4 



35 ?8 

9 ipCH^^-CHj-X 



40 
45 

50 

55 VI 



R 1 '.' • J 

p 

X-CH2-C-CH2Nir 5 



9 



60 

65 ii ^-^11 



\ / \ / 
• • t 

II II I 



70 

75 » *«-< 

80 VII 
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VIII 



30 ^14 ! 



Vrj 



II Y "11 
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40 *^ ✓ V / \ 

45 



6 Ah-< 



^°2^>p 



IX 




wherein: 



gg is selected from the group consisting of 

hydrogen, Ci-Cg-alkyl, substituted Ci-Ce-alkyl, 
C3-C,-cycloallcyl or aryl; 

is hydrogen or one to three groups selected 
from Ci-Cg-alkyl, Ci-Cg-substituted alKyl, Ci-Cg- 
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alkanoylamino, halogen, hydroxy C^-Cg-alkyl, 
Ci--<:5-allcoxy, C^-Cg-alkylthio; 

R3 and R9 are the sane or different and are 
selected from the group consisting of C^-Cg-allcyl, 
5 substituted Cj-Cg-alkyl, C3-C7-H3ycloalkyl or aryl; 

R20 is selected from the group consisting of 
Ci-Cg-alkyl, C3-C7-cycloalkyl or aryl; 

R^^i is selected from the group consisting of 
hydrogen, Ci-Cj^j'^^^'^yl ' substituted C^-C22-alkyli 
10 C3-C7-cycloalkyl and aryl; 

R^2 hydrogen or one to three groups selected 
from the group consisting of C^-Cg-alkyl, substituted 
C^-Cg-alkyl, C^-Cg-alkoxy, substituted Ci-Cg-alkoxy , 
C^-Cg-alkylthio, substituted Ci-Cg-alkylthio, halogen, 
15 hydroxy, C^-Cg-^lkanoylamino, aroylamino, C^-Cg- 
alkylsulfonylamino and arylsulfonylamino; 

R3^3 and Ri4 are selected from hydrogen, cyano or 

CO2R107 

20 

^15 is R4 or R5X as previously defined; 
L is -CO- or -SO2-; X is as previously defined; m 
is 0 or 1; and p is 1 or 2; with the provisos that R^j 
is hydrogen when m is 0 and at least one polyester 
25 reactive group is present. 

21. The process of Claim 20 wherein the blue 

anthraquinone compound (s) correspond to said 
structure (I) , wherein R is hydrogen; R^ and Rj 
30 are independently selected from methyl and ethyl; 

R3 is hydrogen, methyl, or bromo; R4 is hydrogen, 
C^-C4-alkyl or aryl; R5 is selected from the group 
consisting of C^-O^-alkylene, 

Ci-C4-alkylene-0-<:i--C4-alkylene, -CH^CgHioCHj-, 
35 arylene, or -<:H2-arylene- and the red component 
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23. 

10 
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70 



corresponds to formulae (V) , wherein R7 is 
C^-Cg-alkoxy and R4 and R5 are as defined in 
Claim 19. 

The process of Claim 21 wherein the concentration 
of blue and red compounds taken together is from 
about l.Oppm to about lOppm. 

The process of Claim 21 wherein the total 
concentration of blue compound (s) is about 1 to 
7ppm and the concentration of red compound (s) is 
about 1.0 to 3ppm. 

The polyester of Claim 21, 22, 23, or 24, wherein 
the compound of formula (I) is 
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24. The polyester of Claim 20, 21, 22, 23, or 24 
wherein the red compound of formula (V) is 



CH, 



I II II I t °^ 



» • 



20 HOCjH^NHO^S^ ^ / N / N. 



CH. 



f«3 

. ' ' ^ ^^en 2^5 

N / \ / V ^°2^ 



?2«5 i u si 



45 12"^ ! S "I ^2^4°" * 



HOCjH^ 

'.C*"'>— Ah 

55 AcH3 
60 

26. The polyester of any one of Claims 20, 21, 22, 23, 
24, 25 wherein the blue compound of formula (I) is 



f2«£ 



• . ! r*Y>2<'^"^ 

75 ^.'^ ^. ^5 2 Vh.OH 

I II It t * * 



I II « i 

'^y^y ?2«5 



i in — 'f" 5* c H 



Patent 
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and wherein the red compound of formula (V) is 

? f-<..<- 



20 HOC,H.« 



T2«5 i « ! i ^ "C2H,OH . 

K -Sl!^ / V / \ 



25 
30 



€H. 



35 27. A method for imparting clarity to poly (ethylene 
terephthalate or modified polyethylene 
terephthalate having an inherent viscosity greater 
than 0.65 dL^g comprising reacting at least 95 mole 

40 % of terephthalic acid and at least 95 mole % 

ethylene glycol at a temperature to effect 
esterification and in the presence of a catalyst 
system comprising from about 1 to about 20 parts of 
titanium in the form of an alkyl titanate and from 

45 about 1 to about 50 parts of phosphorus in the form 

of a phosphorus based compound, each of the parts 
of the components of said catalyst system being per 
million parts of polymer product. 



50 



55 



28. In the method of polymerization, in the melt, of an 
aromatic polycarboxylic acid or anhydride with a 
glycol using titanium compound catalysts to form 
high molecular weight linear polymers, the 
improvement comprising 

(a) ester if ying the acid or anhydride with the 
glycol in the presence or absence of from 
about 1 ppm of Ti to about 50 ppm of Ti as an 
alkyl titanate at a temperature of between 
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about 197 and about 300*C. for a period of 
from about 0*5 hours to about 7 hours at a 
pressure of between about 0 psig and about 100 
psig at a molar ratio of glycol to acid or 
5 anhydride of about 1.1:1 to about 3:1, 

(b) further reacting and poly condensing the 
product of step (a) , which contains said 
titanium catalyst, in contact with a 
phosphorus based compound at about 1 to about 
10 100 ppm phosphorus at a temperature of from 

about 250 to 310'C, under vacuum of from about 
0.1 Torr to about 200 Torr for a period of 
from about 0.5 hour to 12,0 hours while 
removing the products of condensation so that 
15 the resulting polymer has an intrinsic 

viscosity between about 0.4 to about 1.2 and 
contains less that 5 percent by weight 
diethylene glycol, without adding a diethylene 
glycol inhibitor, with each of the parts of 
20 the compound being per million parts of the 

first polymer product and 
(c) further polycondensing the crystallized 

product of step (b) in the solid-state and in 
the presence of an inert gas or under vacuum 
25 and at temperatures of from about 200«C to 

about 235«C for 2-24 hours. 

29. A product prepared by the .process of Claim 1. 

30 30. The product of Claim 29 which is clear. 

31. A molded article prepared from moldable 

poly (ethylene terephthalate) made by the process of 
Claims l, 10 and 14. 

35 
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32. The molded article of Claim 29 which is a 
container . 
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(54) Polyesterfasern mit verminderter Pillingneigung sowie Verfahren zu ihrer Herstellung 

(57) Die vorliegende Erfindung betrifft pillingresi- 
stente Oder pillanne Polyesterfasern. die elnen Poly- 
ester als fadenbildendes Polymer enthalten, das aus 
mindestens 90 Mol.-% Polyethylenterephtatat-Einheiten 
besteht, sowie ein aliphatisches Oder allcyclisches Diol 
in elner Menge, urn den Polyester aut eine relative Vis- 
kosltat im Bereich von 1,37 - 1,58 {gemessen 1%-ig in 
m-Kresol) abzubauen, 0.003 bis 1.0 Gew.-% in dem 
Polyestermaterial fein verteilte Siliciumdioxid- oder Kie- 
selsaure-Teilchen, bezogen auf das fadenbildende 
Polymere, und 0,003 bis 2,0 Gew.-% Silicon6l, bezogen 
auf das fadenbildende Polymere, wobel im Fall von im 
Siliconol vorhandenen reaktiven Gruppen diese minde- 
stens teilweise chemisch an die Polyester-Makromole- 
k(ite gebunden sind. 
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Beschreibung 
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15 



20 



der vorgenannten ^'^'^^^^^^^^'I'^'l^':'^^^^ ublicherweise die Knickscheuerbestandigkeit 

[0002] Zur Charakterisierung des Pilling-Verhaltens von ^^'''^I^^Zr, unter definierter Spannung so lange Qber 

einendQnnenDrahthln-undherbewegt d.h. gescheuert>^^ Biegebeanspruchung kombiniert mit einer 

nung eines Faserdurchmessers liegt (20 - 40 ^m). "'^^^.^'"^f^^,,,'^^^^^ 4 Lsgabe Akzo Division Faser. 

<2000 erreichen. i^ipiriunnsstQcken wie z,B. AnzQgen. Hemden oder Pullovern 

d<» 8,9* mill»9 * B.*.n9 Win.- J^lXlT^eSl/Laa^^^ Faserenden ods, 

dunssaocks, Sle enWhen d=du»t.. « '^'^^^^ZS^^S^M^ und an der Ob«1iacl» haf- 

lich eingeschrankt (siehe auch DE-A-27 1^3 508) _ KleidungsstOcken elngesetzten Polyesterstapelfa- 

. Co.^«:s:re?™ 

SSe, Ua,dasPi..ingbzw.dleP-..ling-Neigungzubese..genoderzuv^^^^^^^ 

JoC'"nebekannteMethodeist.e.nenPo,ye.ern,.nie^^^^^^^^ 
30 St (relative ViskosftSt) zu verspinnen. Die Ve^endung von Gtyto^^^^ 

der US-4,359,557 beschrieben. Durch die Zahlenmittel des Moleku- 

damit die Lebensdauer der Pills deutl.ch .^f ^a^^/!;- "Jj^/^^^^^^ linear (Melliand Textilber. 
largewtehts elnes Polyesters und der Knickscheue^estSndigke. der Fase^^^^^ ann 

1970. S. I8I: Chemiefasern . Te^-J^— Setn^S^^ Molekulargewiohts ist aber 

Methods erzielbare Effekt der Reduklran ^^'y'^'^^'''^'^2T^^^^\^S^^^ so stark abgesenkt wer- 

nurbegrenzt nuUbar. Urn P'-^-'^^^^^^^^^^^^^^^^ April 1984. Se«e 374). 
den. daB eln Schmelzspinnen von F^'^^f "^^^^^^ Polyesterfasern fQhren. Eine Aufgabe 

pan crextllpraxis International 1993. S.29, 

'verzweigungsmittelnrr^odifiziert. D^-^f/f Je^^^^^^^^^ die Unge der MakromolekQle reduziert 

Gewichtsmittel des M°'e'«"'«^9^«''=*^,''^*"9*t?R^JrLSira^^^^^^ und damit eine Reduktion der Pilling- 

werden. was eine Verringerung der Scheuer- und ^'^^^^''^^^^^^^Z 1 Patentschriften beschrieben. wie 
nelgungzurFo.gehat^DerEinsa.vnW^^^^^^^ 

modifizierten Polyestern bislang nur unter groB^^^^^^^ 

[0009] Eine weitere bekannte '^°9'"=^keabesteht dar.n n ^ « Po'V^^rKe^^^^^^ z^ni Verspinnen bestandig sind und 
dungen, meist -Si-0- (im folgenden SiO-Bmdungen S^*)-; ^^^^^^^^^^^^^ Diese Vorgehens- 

erst be, der spmeren Behandlung ,n Gegenwart von Was^^^^^^^^^^^ 

weiseerr.6glichtes,Polyesterrn,te.nerfurdasSc^^^^^^ ^su,tierenden Reduktion der Pilling- 

s^ern^iCs:™^^^^^^^^ 
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von zwei- und/oder mehrwertigen Si-haltigen Additiven wShrend der Polyester-Herstellung beschrieben, wobei als 
Modifikatoren Silicium-organische Verbindungen, wie beispielsweise Tetraethylsilikat oder Ester der Silantriolphosphor- 
saure eingesetzt warden. 

[0010] Die US-A-3.335,211 bescbreibt die Herstetlung von Polyester-Stapelfasern mit verbesserter Pillingresi- 
stenz wobei man von wasserf reiem Polyethylenterephthalat mit einer SchmelzviskositSt von 1 00 - 600 Pas (bei 275°C) 
ausgeht welches 0.1 0 bis 0,75 g Si-Atome je Mol Glykol enthalt. Silikatester. wie beispielsweise Tetraethylsilikat, die in 
Glykol geldst sind, werden in die polymeren Kette einkondensiert. Die EP-A-0 262 824 empfiehit ebenfalls die Modifi- 
kation von Polyesterfasern mit Hilfe von Tetraethylsilikat mit anschlieBender Behandlung in Gegenwart von Wasser. 
[0011] Die DE-A-17 20 647 empfiehit ebenfalls Ester und/oder Salze von Verbindungen wie Silantriolethanphos- 
phonsaure und insbesondere von Trimethoxysilanethanphosphonsaurediethylester in die Polyesterkette einzukonden- 
sieren 

[0012] Die DE-A-27 13 508 und DE-A-24 53 231 empfehlen. 0.008 bis 2 Gew.-% Diphenylsilandiol, bezogen auf 
Dimethylterephthalat. als Cokomponente in das Polyethylenterephthalat einzukondensieren. 
[001 3] In der DE-A-41 1 1 066 wird eln Verfahren zur Herstellung von mit SIO- Gruppen modiflziertem Polyethylen- 
terephthalat nach dem kontinuierlichen Direktveresterungsverfahren ausgehend von TerephthalsSure beschrieben. 
Hierbei wird Methoxyethyl- oder Propylsilikat in einer solchen Menge zugesetzt, daB im Polymer 300 bis 700 ppm Sili- 
ciumgehalt resultiert. Dies geschieht kontinuierlich wahrend der Polykondensation durch Einbringen von Methoxyethyl- 
silikat Oder Propylsilikat zu einem Zeitpunkt, zu dem das Prapolymer ein Gewichtsmittel des Molekulargewichts 
zwischen 9000 und 16000 g/mol und einen Polydispersitatsindex zwischen 1.5 und 2 besitzt. und zu dem es sich bei 
einer Temperatur zwischen 260 und 290«C und unter elnem Druck zwischen 1,5 und 2.5 bar betlndet. Die Dauer der 
Reaktion zwischen Silikat und Prapolymer betrSgt mindestens 5 min. 

[0014] Handelsubliche pillfreie Fasern werden nach dem beschriebenen Verfahren der Einkondensation hydrolyse- 
empfindlicher Silicium-Verbindungen wahrend der Polykondensation hergestellt. Aufgrund der Hydrolyseempfindiich- 
keit wurde in der Praxis bislang unter den kontinuierlichen Verfahren fast ausschliesslich das Umesterungsverfahren 
ausgehend von Dimethylterephthalat eingesetzt. wahrend die Verwendung des heute weiter verbreiteten Direktvereste- 
rungsverfahrens zu dem beschriebenen Zweck aufgrund des bei der Veresterung entstehenden Wassers extrem 
schwlerig ist Das Herstellungsverfahren ist bei seiner DurchfQhrung noch mit weiteren Problemen behaftet. Um em 
bestimmtes Niveau der SchmelzviskositSt des Polyesters und in der fertigen Faser eine um einen bestimmten Betrag 
vermlnderte relative Endviskositat zu erhalten, muss der Polyester auf einen definierten Polymerisationsgrad vor dem 
Versplnnen eingestellt und gleichzeitig eine definierte Anzahl hydrolyseempfindlicher SiO-Bindungen in den Polyester 
eingebaut werden. Die Anzahl einkondensierter SiO-Bindungen bezogen auf die Anzahl der MakromolekQIe bestimmt 
den Abbau der relativen Viskos'itat nach dem Verspinnen. Dies erfordert eine sehr exakte Fuhrung der Prozessparame- 
ter und eine genaue Kontrolle der zugesetzten Modifikatormenge wahrend der Polyesterherstellung. Zudem muss der 
Polyester vor dem Verspinnen absolut wasserfrei gehalten werden. Die SiO-Bindungen enthaltenden Polyester kdnnen 
daher haufig nur im Direktspinnverfahren (d.h. ohne Zwischengranulierung) verarbeitet werden. oder es muss ein 
zusatzlicher spezifischer Arbeitsschritt angewendet werden. 

[0015] Ein altemativer Weg wird in der US 5 858 529 dargeiegt. Dort wird eine Polyesterfaser mit hoher Pilling- 
Resistenz wird beschrieben, bei der ein Polyester mit 1-7 Gew.% eines speziellen Polyalkylenglykol-Blockcopolymers 
mit hydrophobem Polyoxypropylen-Kern und am Kern haftenden Polyoxyethylen-Gruppen chemisch modifiziert ist. Das 
Verfahren zur Herstellung der Stapelfasem ist die Mischung des normalen Polyesters mit dem Blockcopolymeren vor 

dem Ausspinnen. . .. ^u. • j 

[0016] Nachteilig bei all den oben beschriebenen Verfahren ist, daB sie entweder eine spezielle Modifizierung des 
Polyesters oder spezielle Nachbehandlungsverfahren der Faser bzw. des Gewebes erfordern. 
[001 7] Die oben beschriebene chemische Modifizierung der Polyester mit beispielsweise Trimethylolpropan. Pen- 
taerythrit Ethylenoxid-Propylenoxid-Blockcopolymeren oder der Einbau von SiO-Bindungen in die Potymerkette haben 
den zusatzlichen Nachteil, daB die chemischen Modifikationsmittel wahrend oder vor der Polyesterkondensation zuge- 
setzt werden mussen. Die Reaktoren werden dadurch mit den Modifikatoren verunreinigt. Daher kann die Produktions- 
anlage nicht ohne weiteres zur Herstellung anderer Polyester-Typen genutzt werden. Fiir kontinuierliche 
Polykondensatloons-Grossanlagen. wie sie heute fOr die Polyester-Herstellung Dblich sind (bis zu 600 t/d), ist eine sei- 
che Betriebswelse nicht wirtschaftlich. weil bei einer Umstellung der Rezeptur Jeweils zu viel nicht brauchbares Uber- 

gangsmaterial anfallt. . 
[0018] Eine Moglichkeit zur Beeinflussung des Pilling-Verhaltens von Polyester ohne chemische Modifizierung 
wahrend des Polymerisationsprozesses ist der Zusatz von Additiven vor bzw, im Spinnprozess. So konnen Siliconole. 
z B Polydimethyl- oder Polymethylphenylsiloxane. als Additive zum Polymer im Spinnprozess eingesetzt werden (siehe 
Textilpraxis International, April 1984, Seiten 374, 375). in dergenannten Publikation wurden die Polysiloxane (Viskosi- 
tatsbereich 100 bis 500 mPas, bei 20^*0) in einer Menge von 0.1 - 2 Gew.-% in den Einzugstrichter eines Aufschmelz- 
Extruders zu handelsublichem mattierten Polyestergranuiat dosiert. und diese Mischung wurde bei Dusentemperatu- 
ren von 290 bis 295°C extrudiert und versponnen. Es wurde eine deutliche Emiedrigung der Knickscheuerbestandig- 
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keit beobachtet. Als Ursache hierfur wird angegeben. dass die modiflzierte PES-Einzelfaser durch die 
Knickscheuerbeanspruchung in einzelne Rbriiien aufspleisst. Diese Aufspleissung fiihrt zu einem verfriihten Bruch der 
Einzelfibriilen. Da Siliconaie als Inertstoffe in der Polyester-Matrix eingelagert sind. andern sich die textilmeclianischen 
Eigenschaften nur unwesentlich. Die ReiBdehnung, die ReiBfestigkert und der Anfangsmodul dieser Fasern blieben 
nahezu unbeeinfluBt. Messungen an Polyester/Polysiloxan-Miscfiungen (mit bis zu 1,8 Gew.-% Poiysiioxan) zeigten im 
Vergleich zu reinen Polyesterschmelzen eine Erniedrigung von weniger als < 5% in der Schmelzviskositat. 
[001 9] In der DD 1 04 089 wird beschrieben, dass die Zugabe von Siliconharzen (IVIethyl-Phenyl-Polysiloxane) mit 
Molmassen < 4000 g/mol zu einer Erhiihung der Schmelzviskositat fOhrt, was das stfirungsfreie Verspinnen von nieder- 
molekularem Polyester eriauben soil und dadurch die Herstellung pillarmer Polyesterfasern auf einem DST-Niveau von 
ca. 900 ermdglicht In der DD 104 089 werden Silikonharze mit mehreren veresterungsfahigen OH-Gruppen in der 
Polykondensation zugesetzt. was zur Ausbiidung von verzweigten Strukturen und damit zu einer Erhohung des 
Gewichtsmittels des Molekulargewichts der MakromolekOle fOhrt. Der in DD 104 089 beschriebene Effekt der Reduk- 
tion der Pilling-Neigung ist somrt auf die bereits oben beschriebenen Effekte bei der EinfQhrung verzweigter Modifikati- 
onsmittel zurOckzufOhren. 

[0020] Polysiloxane ohne veresterungsfahige OH-Gruppen weisen den erheblichen Nachteil auf, dass sie als rem 
inerte Zusatzstoffe im Laufe der Weiterverarbeitung an die Faseroberflache migrieren konnen und sich beispielsweise 
beim Farbeprozess stbrend auswirken. Zudem kann ein Auswaschen des Additivs und damit ein Verlust des Antipillig- 
Effekts nicht verhlndert werden. Verzweigungen durch die Verwendung polyfunktioneller Sllicondle (dh. mit mehr als 2 
veresterungsfahigen OH-Gruppen) wirken sich nachteilig aus, da Verzweiger, wie oben beschrieben. zu Problemen 
20 bezOglich der Spinnsicherheit und der Spinnsauberkeit f uhren. 

[0021] Ein weiteres allgemein bekanntes Additiv fQr Polyester ist Siliciumdioxid. das jedoch noch nicht als Mtttel zur 
Reduktion der Pillingneigung ohne weitere MaBnahmen beschrieben wurde. Synthetisches SiOa-Pulver wird in der 
Praxis gewohnlich zur Thixotropieriung. als Dispergiermittel. Verdickungsmittel (Ertidhung der Schmelzviskositat) und 
Antiblockmittel (bei Folien) eingesetzt. 

[0022] GemaB der DE-A-29 09 188 konnen Siliciumdioxid- bzw. kolloidale Kieselsaure-Teilchen mit einem Durch- 
messervon 1 bis 100 nm in Polyester eingeartseitet werden, um auch Unebenheiten der gesponnenen Polyesterfaser 
zubeheben. 

[0023] GemSB der JP-A-55 1 1 2-31 3 kann Siliciumdioxid (Silica; TeilchengrdBe ^0 nm) in IWengen von 0,5 bis 1 0 
Gew.-% eingesetzt werden, wodurch die Pillingneigung von speziellen Co-Polyesterfasem. in denen 0.1 - 10% der 
Esterbindungen PhosphorsSureester sind, reduziert wird. Bei diesem speziellen Verfahren ist jedoch eine Nachbe- 
handlung der Polyesterfaser mit heissem Wasser. Dampf und/oder einem Losungsmittel erforderiich. 
[0024] In den Patenten DE 1 237 727 und DD 1 04 089 wird die Venwendung von kolloidalem Siliciumdioxid in Form 
einer Suspension als Zusatz in der Polykondensation beschrieben. Bei v6lllgem Ausschluss von Feuchtigkeit bis zu 
dem Verspinnen ist als Resultat eine Schmelzviskositatserhohung beschrieben. Auch hier ist analog zu den oben 
beschriebenen Verfahren der chemischen Modiflzlerung mit dem Einbau hydrolytisch spaltbarer SlO-Bindungen im 
Polyester eine Nachbehandlung der Polyesterfaser mit heissem Wasser, Dampf und/oder einem Losungsmittel gemaB 

Beschreibung notwendig. ...... ^- ,^ ^ 

[0025] In keinem bislang beschriebenen Verfahren wird SiOa-Pulver ohne Ausschluss von Feuchtigkeit direkt der 
Polyester-Schmeize oder alternatlv dem Polyester-Granulat zugesetzt. um dadurch pillarme Polyesterfasern zu ertial- 
ten. Die Verwendung von SiOa-Pulver in reiner Form zur Modifizierung von Standard-Polyester mit dem Ziel der Herab- 
setzung der Pilling-Neigung wird erstmals in der voriiegenden Erfindung beschrieben. Der in DE-A-4041042 
beschriebene Einsatz von SiOg des Typs Aerosil® diente ausschlieBlich dem Zweck der Erh5hung der Spinngeschwin- 

digkeit beim POY- Spinnen. . 
[0026] Aufgabe der Erfindung ist, ein wirtschaftliches Verfahren zur Herstellung von pillarmen bzw. plllfreien Poly- 

45 esterfasern zu finden, wobei insbesondere handelsiibllche Standard-Polyester, besonders solche auf der Basis von 
Terephthalsaure und Ethylenglykol, durch Zusatz geringer IVIengen von geeigneten Addltiven wahrend des Spinnpro- 
zesses in vorteilhafter Weise so zu modifizieren sInd. daB die daraus ersponnenen Polyesterfasern weitestgehend pill- 
frei sind. Der Herstellungsprozess der Faser soil dabei nur unwesentlich vom ublichen Verfahren abweichen, d.h. 
solche Fasern sollen problemlos mit der ublicherweise vorhandenen Maschinenausstatlung eines Faserherstellers pro- 

50 duziert werden konnen. 

[0027] ■ Die Aufgabe wird erfindungsgemass gelost durch Bereitstellung pillingresistenter oder pillarmer Polyester- 
fasern, insbesondere Fasem hochpillarmen Typs (mit stark vemninderter Pilling-Neigung) gemaB Patentanspruch 1 
sowie deren Herstellung gemaB Patentanspruch 14. Die erfindungsgemSBen Polyesterfasern mit venninderter Pilling- 
Neigung weisen die in Patentanspruch 1 definlerte Zusammensetzung auf. Wesentlich dabei ist. daB durch den Einsatz 
55 von drei Modiflkatoren in Kombination in unenwartet deutlicher Weise die Resistenz gegen Pilling vertDessert werden 

kann. . 
[0028] Die drei erfindungsgemass mit dem Standard-Polyester zusammen einzusetzenden Additive sind: 
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1 . ein Diol, aus der Gruppe Ethylenglykol. Diethylenglykol und Triethylenglykol. 

2. Siliconol, und 

3. Siliciumdioxid- oder Kieselsaure-Pulver. 

r00291 Als VergleichsmaBstab fOr eine Antlpillingfaser ist die Faser Trevira®350 anzusehen. Das Qualitatsnlveau 
der Faser Trevira®350 bezQglich der Resistenz gegen Pilling, welches bei DST-Werten von unter 700 liegt. konnte erst- 
mals in vorteilhafter und wirtschaftlicher Weise allein durch den Zusatz von Addltiven zu Standard- Polyester erretcht 
warden Dies deutet auf unterschiedllche Wirkungsmechanismen der Additive Sillcon6l und SiOg hin. die daher einen 
svnergistischen Effekt erzielen. Auf dlese Weise wurde erfindungsgennaS sowohl bei einem Titer von 2.4dtex als auch 
mit dem felneren Titer 1 .7 dtex ein hochpillarmes DSTNiveau en^eicht, wie die Tabelle 1 zeigt (Beispiele 16 und 18 aus 
der spater folgenden Tabelle 6): 



Tabelle 1 
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Faserfeinheit (Titer) 


2,35 dtex 


1,69 dtex 


Festigke'it 


2.92 cN/dtex 


2,90 cN/dtex 


Dehnung 


52% 


48% 


DST 


618 


696 



45 



50 



55 



[00301 Durch umfangreiche Spinnvereuche konnte gezelgtwerden. daB der Zusatz deroben genann en Addrtive 1 
bis 3 zu handelsDblichem Standard-Polyester weder f Ur sich allein. nooh bei einer Kombination von 1 . rnit 2^oder 1 . mit 
rzuhochpillam,enPolyesterfasernrnttDST<700fOhrt.Beid.esenirTi Stand 

tii-Kombinationen Kann mitfikonomisch und von derSpinnsicherheit her vertretbaren Addffiy-Mengen nureine Venrnn- 
derunq der Pillingnelgung der Polyester-Fasern bis auf ein DST-Niveau von etwa 1 000 en-eicht warden. 
S m Ethylenglykol als Jleinigem AddWv 1st elne Verbesserung der Pllllng-Reslstenz bis auf DST-Werte von 
rnaxinlal 1200 m6gllch wobei man die Grenze der Spinnbarkert erretef,! Der DST-Wert hangt von der eingebrachten 
Ethvlenqlykol (EG)-Mengeannahernd linear ab (Fig. 1). 

rOOT21 Es slnd elne Relhe von Sllicon6len bekannt. die vor allem als Gleit- und Schmiemiittel Einsatz finden. Ubli- 
che S liconble sind z.B. Polydialkylsiloxane. Polydiarylslloxane und Polyalkylatylsiloxane. In der vorliegenden Erfmdung 
SrdvSndiesenSillconolenUoLgtPolydimethylslloxanve^ende^^ 

conSle mit endstSndigen veresterungsfShigen Hydroxylgnjppen. darunter besondets bevorzugl Polydimethylsiloxane 
mit endstandigen veresterungsfahlgen OH-Gruppen. _ „ • . cii;^„nRi 

Zm\ In der vorfiegenden Erflndung wird. um Vernetzungen auszuschliessen. als bevorzugte Vanante ai^onol. 
bevorzugt Polydimethysiloxan. mit zwei vetesterungsfahigen OH-Gruppen. besonders bevoi^ugt mrt zwe. endstand.- 
gen OH-Gruppen eingesetzt. Ein Slllcon6l dieses Typs 1st Strukto^Polyd1s3999, ein l^'yd""^^^'"'"'^^^^''"'^^"!': 
thylsiloxan von Schill & Sellacher. Hamburg. Die in Rg. 2 gezeigten Beispiele legen den geste,gerten EffeWjl.eses 
sLneis auf die Plllingreslstenz der Polyesterfaser Im Vergleich zur Ven«endung eines Polydimethys.loxans ohne OH- 
Gruppen dar. Duroh den Zusatz des Siliconols des Typs Struktol® wurde zudem gegenOber ^n^eren SH.cono^Pen 
elne Verbesserung der Spinnsioherheit und der Splnnsauberkeit erreicht. Weitertiin wurde estgestellt. dass be der 
Venwendung von Siliconfflen allein oder zusammen mit Glykol als Zusatz zu dem Polyester.die W.rkung auf die PHhng- 
Neiqung und den DST-Wert mit zunehmenderSilicon6l-Mengedrastischabnlmmt(ng. 2) „ 
K)034] l^it Siliconol des erfindungsgemass besonders bevorzugten Typs. z.B. Struktol®. konnen be. glechzertigern 
Abbau des Polyesters mit Ethylenglykol Drahtscheuertouren (DST-Werte) im Bereich von 1000 erre.cht warden (vgl. 
Flo 2) Dieses nur durch grosse Additiv-Mengen errelchbare Niveau genOgt noch nicht den Anforderungen einer hoch- 
pinamien Faser. Selbst bei den hSchsten in Rg. 2 realislerten Zugabe-Mengen von Struktol® zusammen mit 0.1 Gew.- 

% Ethylenglykol erzielt man DST-Werte von nicht unter ca. 900. ui,»i^»r 

100351 Analog zu der Korrelation zwischen dem DST-Wert und der zugesetzten Menge Siliconol wurde auch be der 
Urwendung von SiO^ als Zusatz beobachtet, daB die Wirkung auf die DSTWerte mit zunehmender emgeseWer 
MeTge deuL abflacht und sich M hohere Konzentrationen nicht werter verstarken lasst. Selbst mrt Ethylenglykol 
zusammen erreicht man mrt der hochsten in Fig. 3 realislerten Si02-Menge ein Niveau der DST-Werte "-cht unter ca. 
1000 Dieses nur durch grosse SiO^-Mengen erreichbare Niveau genOgt noch nicht den Anforderungen einer hochpil- 
larmen Faser. Die Ven«endung grosser Mengen an SiO^ weist den Nachteil auf. dass es schwer ist. grosse Mengen in 
de7n6tigen feinverteilten Form In den Polyester einzuarbeiten. Dies kann zu einem erhohten Druckaufbau an der 
SplnndOse und damit zu niedrigen Dusenstandzeiten bzw. zu Problemen mit Spinndusenverstopfungen '"hren Es 
daher erfindungsgemass bevorzugt. die SlO^-Menge unter 1 Gew.-%, bevoizugt im bereich zwischen 0,05 und 0^3 
Gew -% zu halL. und fur eine sehr gute Einarbeitung des SiOz-Pulvers in den Polyester durch entsprechende Misch- 
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elements zu sorgen. 

[0036] Es konnte also festgestellt werden, daB die Korrelation des DST-Werts mit dem Si02-Gehalt bzw. dem Sili- 
conolgehalt bei jeweils alleiniger Dosierung zum Polyester und auch bei gleichzeitiger Zugabe von Glykol nicht linear 
ist. Bei den Additivkombinationen EG und SiOg sowie EG und Siliconol wurde jeweils der gleiche prlnzipielle Zusam- 
menhang zwischen der eingesetzten Menge und der Auswlrkung auf den DST-Wert beobachtet. Ab einem bestimnnten 
Gehalt der Additive in der Faser 1st Ihre Wirkung auf den DST-Wert bei weiterer Erhohung sehr gering (Fig, 2 und 3). 
Das Errelchen eines DST-Niveaus mit Werten unter 1000 1st nur mit groBen Mengen an Si02 (und EG) bzw. Silicons! 
(und EG) mbglich, was im ersten Fall zu einer Verschlechterung der Splnneigenschatten und der Weiterverarbeitung 
sowie in beiden Fallen zu einer unverhaltnismaBigen Verteuerung des Produktes fuliren wurde. 
[0037] Die oben genannte Aufgabe wird weitertiin durch das erfindungsgemaBe Verfahren zur Herstellung dieser 
Polyesterfasern mit verminderter Pillingneigung gemSB Patentanspruch 14 geI6st. Die Erfindung betrifft daher auch ein 
Verfahren, bei dem der zur Herstellung von nonnalen textilen Fasern gewdhnlich verwendete Homo- Oder Copolyester 
durch geeignetes Einfuhren von Modifikatoren in die Polyesterschmelze Oder geeignetes Aufbringen der Additive auf 
das trockene Granulat vor dem Aufschmelzen in einem Extruder, so modifiziert wird, daB eine pillamie bzw. pillfreie 
Polyesterfaser resultiert. FQr ein solches Verfahren wurde auch der Begriff "Late Addition Technology" eingefOhrt (vgl. 
US-A-5,858.529). 

[0038] Zum 1 . Addltiv: Die erflndungsgemSBen Polyesterfasern welsen typischerweise eine relative Viskositat von 
1 .37 bis 1 ,58, bevorzugt von 1 ,40 bis 1 ,55, besonders bevorzugt von 1 .42 bis 1 .48 (1%ig in m-Kresol) auf. Aus GrQnden 
der besseren Spinnperformance geht man erfindungsgemaB von hoher molekularem Polyester, beispielsweise mit 
einer relativen Viskositat RV = 1 ,65, aus, der durch Zugabe eines Diols wie Ethylenglykol, Diethylenglykol oderTriethy- 
lenglykol, auf die gewQnschte relative Viskositat der Faser abgebaut wird. Dabel wird eine entsprechende, fDr den 
jeweiligen Abbau des Polyesters bendtigte Menge des aliphatischen oder alicyclischen Diols eingesetzt. Bel Ethylen- 
glykol liegen die eingesetzten Mengen je nach Ausgangsviskositat des Polyesters gewohnlich im Beretoh zwischen 
0,03 und 0,28 Gew.-%. Das Diol wird beim Einsatz von Granulat in der Extrude relnzugszone bzw. beim Direktspinnen 
in die Schmelzeleitung zudosiert. In einer besonders bevorzugten AusfQhrungsform der Erfindung wird als Diol Ethy- 
lenglykol (EG) venwendet. 

[0039] ErfindungsgemaB werden dem Polyester zusStzllch zu dem eingesetzten Diol folgende, als 2. und 3. Additiv 

genannte Komponenten zudosiert: 

[0040] Zum 2. Additiv: Zugabe von 0,003 bis 2,0 Gew.-%, bevorzugt 0,05 bis 0,5 Gew.%, eines Siliconols bezogen 
auf die Masse des eingesetzten Polyesters. Ein handelsObllches Silicons! ohne veresterungsfShige OH-Gruppen ist 
z.B. Baysiion® M 1000 der Firma Bayer mit einer dynamischen Viskositat von 1400 m Pa s bei 20°G. Um Siliconole in 
der Praxis zur Herabsetzung der Pillingneigung bei Polyesterfasern besonders vorteilhaft einsetzen zu konnen, wird, 
wie oben beschrieben, in der vorliegenden Erfindung vorzugswelse Siliconol mit zwei endstandigen veresterungsfahi- 
gen OH-Gruppen eingesetzt. Besonders bevorzugt ist ein dihydroxy-terminiertes Polydimethylsiloxan mit endstandigen 
OH-Gruppen mit der Fomnel: 



HO-[Si-0(CH3)2]n-OH 



mit n = 8- 60, besonders bevorzugt mit n = 40. 

(n = Mittelwert der sich wiederholenden Monomereinheiten) 

[0041] Der durch den Zusatz eines solchen Siliconols bedingte Polymerabbau ist vernachlassigbar gering. Durch 
die Veresterung zumindest eines Teils der veresterungsfahigen Hydroxylgruppen mit der Polymermatrix wird erreicht, 
daB diese im Vergleich zu rein inerten Polysiloxanen im Lauf der Weiterverarbeitung nlcht an die Oberflache migrieren 
und sich nicht storend, beispielsweise auf die Anfarbung der Fasern, auswirken. Auch die Gefahr des Auswaschens der 
Additive wird auf diese Weise ausgeschlossen. 

[0042] Ein Beispiel fur ein besonders bevorzugtes handelsiibliches Siliconol mit endstandigen veresterungsfahigen 
OH-Gruppen ist Struktol® Polydis 3999, der Fimna Schill & Seilacher, D-Hamburg, mit einem-Polymerisationsgrad n 
=40 und einer dynamischen Viskositat von 82 mPas bei 20°C. Uberraschenderwelse konnte durch Zusatz dieses Sili- 
conols auch die Spinnperformance, d.h. die Spinnsicherheit sowie die Spinnsauberkeit deutlich verbessert werden (im 
Vergleich zu den Splnnversuchen ohne den Einsatz von Struktol®). Dies deutet darauf hin, daB dieses Siliconol eine 
herausragend gute Wirkung als inneres Gleitmittel ausubt, Der hohe Spinnverzug, d.h. das Verhaltnis zwischen der 
Abzugsgalettengeschwindigkeit und der Austritlsgeschwindigkeit aus der DQsenbohrung, fuhrt mit grosser Wahr- 
scheinlichkeit zu einer besonders vorteilhaften fibrlllenartigen Anordnung des niedermolekularen Siliconoltyps Struk- 
tol® innerhalb der Faser, wodurch ein Aufspleissen der Einzel-Fibrillen der Fasern besonders gefordert wird, was zu 
der besonders ausgepragten Verbesserung der Resistenz gegen Pilling fuhrt. 

[0043] Zum 3. Additiv: Zugabe von 0,003 bis 1,0 Gew.-%, bevorzugt 0,05 bis 0.3 Gew.%. feindispersem SiOg-Pul- 
ver. mit PrtmarteilchengroBen von < 30 fim. Es handelt sich um synthetische, porose SiOg-Pulver. die entweder uber 
pyrogene Verfahren (Flammenhydrolyse. Lichtbogen, Plasma) oder uber Nassverfahren (Fallungskieselsauren, Kiesei- 



Patent provided by Sugtgue Mion, PLLC - http://www.sughrue.com 



10 



IS 



EP1 094137A1 

gele) heigestellt werden. Besonders bevorzugt ist pyrogenes Sillciumdioxid mit einer PrimarteilchengroBe von < 100 

roM41 Ein besonders bevorzugtes handelsQbliches Produkt ist z.B. Aerosil®200. oder Aerosil® 300 Oder Aero- 
sil®130 der Flrma Degussa. Frankfurt, das Qber Flammenhydrolyse hergestelll wird. Ein weiteres Handelsprodukt ist 
z B Svl(SS> de7Flnna Grace, elne mikronislerte synthetische KieselsSure (durchschnittliche PrimarteilchengrdBe 3-4 
umi Die Wirkungsweise des SiOg ist in der vorliegenden Erfindung nicht. wie bisher beschrieben und eingesetzt, erne 

bei einer Zua- und TorslonsbeanspruchungzumBruchfuhren. ^ ^ 

Alternativ kann auch ein Maste-batch mit 1 - 15 Gew.-% SiO^. bevo-zugt 5-15 Gew.-%. emgesetzt wenlen 
Dabei werden in vorteilhatter Weise der Masterbatch und die Additive mit geeigneten VorrcMunflen in den Extruder 
oderindlePolyesterachmelzedoslert,bzw.demGranulatbereitsvorabzugefQgt. 

?oS Se^Selmlschung des SiO^-Pulvem rum PET kann beispielsweise Qber das sogenannte "Melt Conjt,on,ng - 
Sren zur kontinuierlich'en Modrfizierung von Polyesterschmelzen erfolgen (DE 40 39 857 C2) ^em^"^ 
Condmoning"-Verfahren wird ein Teil der Schmelze. die direkt aus der Polykondensatlon odervon e.ner Aufschmelzung 
kol?nZn ardTm Hauptschmelzestrom abgezweigt. Dieser Teiistrom wird in einem Seftenstromextmder emge- 
S undTSort mft dem SiO^-Additiv beaufschlagt und ansohiieBend dispergiert. Das dispergierte und gemBcMe 
SchmefeekoSnTrat Wird danach In die Hauptschmelzeleitung gefiihrt und dort Qber einen statischen M.scher auf d.e 
SdtoS^IrdOnnt. Siliconbl und EthylenglyKol werden flOssig zudosiert Die zwei f IQsslgen Add.t.ve konnen .n 
die HauDtsclimelzeleitungvor dem statisciienMischerdosiert werden. ^ ^ . , „ 

ro04^ i^^^ ist es auch moglich. falls man direkt von Standard PET-Granulat ausgeht und dieses Jn elnern 
Extruder aufschmilzt das SiO^-Pulver sowle das Silicon6l und Ethylenglykol direkt zum PET-Granulal in den 
ISnneSSder ^!^Ze.. dort die Add-«ve mit dem Polyethyienterephthalat zu misohen und ansohiieBend d,e 

Sr^'ilrHelroben ausgefOhrt wurde. kann das Addl«v bzw. die J^'*'^*^'-^^^ 
sowohl als relne Substanz bzw. Substanzmlschung. als auch in Masterbatchform zugegeben f f l^""- 
nen abe7aich weitere Zusatzstoffe und Additive eingearbeitet und m-rtversponnen werden. Das Polyetlry lenterephtha- 
S sets^ tenn auch bereits Obliche Zusattstoffe wle MatBerungsmittel (Titandloxid). Stabilisatoren. Ka^^satoren etc. 
e thaLnTdeTvorliegenden Anmeldung vetsteht man unter -Po^ethylenterephthalaf (PEp oder "Po^ester^ Poiy- 
es er die rn^ndestens 90 Mol-% Polyethylenterephthalat-Bnheiten und maximal 10 Mol-% Einherten enthalten d,e v n 
Sem ande en Diol als Ethylenglykol. wle zum Beispiel Diethylengtykol. Tetramethylenglykol oder einer anderen- D car- 
bonsauHs Cm^^^^^^ IsophthalsSure. Hexahydroterephthalsaure. Dibenzoesaure abgelertet 

rowsi Man kann Polyethylenterephthalat gegebenenfalls zusatzlich mit geringen Mengen der bereits oben ange- 
iprolnen vSger. Wle beispJsweise Trlmethylclpropan. TVlmethylolethan. ^^'^^^'^^ ^^'^''''•J'^'^- 
saJ^ SettLure Oder Pyromeltthsaure. modfflzieren. Der Ausgangspolyester kann aber auch bekannte Zusatze 
enthalten urn die FaWgkeit der Farbung zu modlflzieren. wie z.B. Natrium-3,5-dicarboxybenzoIsulfonat. 
So! Das ertlndungsgemaBe v4hien hat weiterhin den groBen Vorteil. daB die Polykondensationsanlage 
E mrt de^lthen Standa«ielnstellungen betrieben werden kann. Es kann textiles Standardgranulat nach dem 
S^^er^st u verfahren oder dem Umesterungsverfahren venvendet werden. Die fiir de -P^-^l^^J^;^^^ 
n^endiqen Additive werden erst nach der Polykondensatlon. vor dem Versplnnen. zugegeben. was eine hohe Rexl- 
S urS Wirte^^^^^^^ emibglicht. Erfindungsgemass wurden daher solche Addftive gefunden. welche zum 
e^ni^irEfle™!. innert kurzer Verweilzeit in die hochviskose Polyesterschmeize eingearbe-tet werden kon- 
Tn k"nT?ohSdensationsbedingungen (Vakuum zur Entfemung niedem,olekularer Spaltprodukte) erfordern und 
die Sninnbarkeit nicht beeintrachtigen. Die Additive sind zudem stabll und werden nicht ausgewaschen 
roo5ll Die erfindungsgemaBen Fasern bzw. das erfindungsgemaBe Verfahren sollen nun durch die folgenden Be.- 
E und Figuren nahereriautert werden. Verwendet wurden uW^ 

S?reli!ertah^n fOr die Stapelfaserherstellung wle sle z.B. in Ullmann's Encyclopedia of Industrial Chem^try. 5* Ed. 

[00521 A1 0. Fibers. 3. General Production Technology. Seiten 550 bis 561 beschrieben sind. 
so [0053] Es zeigen: 

Figur 1 die fOr die verschiedenen Beispiele gemessenen DST-Werte in Abhangigkeit von der Ethylenglykolzugabe; 
der DST-Wert wurde an Polyesterfasem mit einem Titer von 2,4 dtex gemessen; 

Fiaur 2 die Abhangigkeit des DST-Wertes von der Zugabe des Siliconols (Strukto^ bzw Baysilon®). Weitertiin ist 
fn Figurtdt Sation der DST-Werte mit der eir^gebrachten Struktol®-Menge bei glelchzeitiger Zugabe von 
0,10 Gew.-% Ethylenglykol dargestellt; 
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Figur 3 die fur die verschiedenen Beispiele gemessenen DST-Werte der Fasern mit einem Titer von 2.4 dtex in 
Abhangigkeit vom SiO^-Gehalt bei gleichzeitiger Zugabe von 0.10 bzw. 0.14 Gew.-% Ethylenglykol; 

Figur4diefurdieverschiedenen Beispiele gemessenen DST-^^^^ 

Sin Bhylenglykol-Zugabe. SiO^- und Sillconblgehalt, wobei die im DST-Bere.ch zwischen 500 und 700 einge- 
tragenen Messpunkte dem besonders bevorzugten Erflndungsbereich entsprechen. 

Re|sp|ele1b)s?0 

10 Eingesetzte Substanzen: 



15 



[0054] 

Polyethylenterephthalat (PET): 
Silicondl: 



20 Diol: 

Si02: 

DST-Wert-Bestimmung: 
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standard PET in Textilqualitat mit rel. Vlskositat 1,65 (gemessen 1 % in m-Kresol 
bei20°C)mitO,3%Ti02 ^ 
Dihydroxyterminiertes Polydimethylsiloxan mit n =40 (Handelsname Struktol 
Polydls 3999 der Rrma Schill und Seilacher, Hamburg) Polydimethylsiloxan ohne 
endstandige OH-Grupen: Handelsname Baysilon® M 1000 der Fimia Bayer. 
Leverkusen 
Ethylenglykol (EG) 

Siliciumdioxid. (Aerosil® 200 der Firma Degussa) 

Die DST-Wert-Bestimmung erfolgte gemSB US-A-5,858,529. Sp. 3. Z. 54-65. 



VersuchsdurchfQhruna : 

[00551 Auf einer Schmetespinnmaschine wurde mtt 0.3 % TIO^ mattiertes Standard-PET Granulat ^Iner rel^l- 
ven V skosSt von 1 ,65 (1 %-lg in m-Kresol«0 -C) aufgeschmoben und gemau Tabelle 2 mrt den angegebenen Add.- 
Tv n geScht Aus e ner DQsenplatte mit 845 Bohrungen und 0.35 mm Lochdu«:hmesser wurden be e ner 
Smelzlm^^^ von 258»C FSden mit einem Durchsatz von 599 g/min ausgepresst. mrttels Zertralanblasung 
S ekQ frnT abgezogen und in eine Kanne abgelegt. Die -P°nnenen Kabe. wu^^^^^^^^^ auf 

Piner Faserstrasse etwa 3 2-fach verstreckt. gekrauselt, thermoJixlert und zu Stapelfasern geschnrtten. 

T Q^^^^^^^^ (Siiiconei und EG) wurden direkt in den ^--'f '^^.^P^ ^ 

oii. Das SiO,-p' ver wurSe Ober ein Dosierger^t (der Rm« Koch 

heim) mit dem Granulat gemischt. Bei den meisten Varianten wurde das SlOg als Masterbatch (10 Gew. A SlOg 
Polyestertragermaterial) eingesetzt. 
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Tabelle 2 



10 



15 



20 



25 



30 



35 



1 Beispiele 


Titer [dtexl* ll 


EG** 


Siliconol 


ciP\ PnHWnnTpntratlnn 

im PET 


1 1 


2 40 1 


0,14% 






1 0 


2,40 1 


0,14% 


0.40%Struktoi® 




1 o 
1 ■ 


P 40 1 


0,14% 




0,50 % Si02 


1 A 
1 


2 40 1 


0,14% 


0,40% Struktol^ 


0,50%SiO2 


1 c 
1 


P 40 1 


0,14% 


0,40% Struktol^ 


0,20 % Si02 


1 D 


? 40 1 








1 7 
1 / 


P 40 1 




0.40% Struktol^ 




1 Q 
1 


9 40 1 




0.90% Struktol^ 




1 Q 


2,40 


0,10% 






1 in 
1 iu 


2 40 


0,10% 


0,40% Struktol* 




1 1 1 


2 40 


1 0,10% 


0,90% Struktol* 




1 10 


2,40 


0,10% 




0.20% SiOg 


1 


2,40 


0,10% 




0.50%SiO2 




2,40 


0,14% 


0.40%Strulctol® 


0.50%SiO2 


i 


2,40 


0,16% 


0,40%Struktol^ 


0,50%SiO2 


1 


2,40 


0,16% 


0,40% Struktol* 


0,20 % SiOg 


1 


2,40 


0,14% 




0,20 % SiOg 


1 


1,67 


0.16% 


0,40% Struktol® 


0.20 % SiOg 


1 


2,40 




0,60% Baysilon^ 




1 20 


2.40 




0,40% Baysilon^ 





' Endtiter 

" EG =* Ethylenglykol 



ro0571 Das Hauptziel der Untersuchungen bestand darin, das Qualitatsniveau der Trevira-Faser Trevlra® 350 

.0 EL 

VergleichsmaBstab zu den mit den gleichen Methoden gemessenen. erfmdungsgemaBen Fasern. 



Tabelle 3 
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Vergleichswerte der FaserTrevira ® 350 (gemessen gemaB 
Methode wie Tab. 1) 




TREVIRA ® 350 


TREVIRA® 350 


Titer [dtex] 


2,36 


1,64 


Festigkeit [cN/dtex] 


2,69 


2,64 


Dehnung [%] 


50,84 


28,46 


DST 


545 


655 



[0058] Bei de 
unter der Spinnduse gemessen: 



n Versuchen der vorliegenden Erfindung wurden tolgende Viskositatswerte fur die extrudierten Faden 
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Tabeile 4 



Viskositaten (relative Viskositat) der Bei- 
spiele 1 bis 20 




RV, 1%in m-Kresol 
gemessen 


1 


1,471 


2 


1.458 


3 


1.456 


4 


1,446 


5 


1,445 


6 


1,650 


7 


1,641 


8 


1,630 


9 


1,500 


10 


1,497 


11 


1.493 


12 


1,490 


13 


1,479 


14 


1,440 


15 


1,436 


16 


1,432 


17 


1,467 


18 


1.427 


19 


1,638 


20 


1.631 



[0059] Beispiel 6 stellt eine Nullvariante ohne jegliche Additivzugabe dar. 
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Tabelle 5 





Textile Daten derfertigen Fasern 




5 




Titer Fdtexl 


Festigkeit [cN/dtex] 


Dehnung % 


DST* 




1 

1 




3,38 


48,37 


1382 




o 
c 


2,31 


3.36 


48.66 


932 


10 


3 


243 


2.93 


53.45 


997 




A 
H 


2,30 


3.00 


49,25 


673 






2,40 


3,07 


54,27 


715 




D 


2,42 


4,02 


48,79 


3008 


15 


/ 


2 41 


3.98 


54.50 


1461 




Q 

o 




4.00 


52,27 


1304 




Q 

o 


2 44 


3,61 


52.86 


1649 


20 


1 u 


2,31 


3.68 


53,01 


990 




1 1 




3,60 


51,33 


905 




12 


2,35 


3,36 


52,15 


1208 




13 


2.37 


3,21 


54,97 


1140 


25 


14 


2,31 


2,90 


53,01 


622 




15 


2.47 


2.69 


55.33 


511 




16 


2.35 


2,92 


52,15 


618 


30 


17 


2.43 


3,09 


54,72 


1045 




18 


1.69 


2,90 


47,97 


696 




19 


2,37 


3,90 


52,10 


2170 


*3C 


20 


2,41 


3,95 


51,89 


2273 



*DST = Drahtscheuertouranwort 



[0060] Festzustellen ist. daB Im Vergleich zur Trevirafaser die Beispiele 14 bis 16 fOr den 2.4-dtex-Typ und das Bei- 
40 spiel 1 8 fOr den 1 ,7-dtex-Typ alle Anforderungen erf Qilen (wie schon In Tabelle 1 dargestellt). 

Patentanspruche 

1 , Polyesterfasern mit verminderter Piilingneigung, enthaltend 

(1) einen Polyester als fadenbildendes Polymer, das aus mindestens 90 Mol.-% Polyethylenterephthalat-Ein- 
heiten besteht. sowie 

(2) ein Diol aus der Gruppe Ethylenglykol. Diethylenglykol und Triethylenglykol in einer Menge. die den Poly- 
ester auf eine relative Viskositat im Bereich von 1,37-1 ,58 (gemessen 1%-ig in m-Kresol) abgebaut hat. und 

(3) 0,003 bis 1.0 Gew.-% in dem Polyestermaterial fein verteilte Siliciumdioxid- oder Kieselsaure-Teilchen, 
bezogen auf das fadenbildende Polymere, und 

(4) 0 003 bis 2 0 Gew.-% Siiiconol. bezogen auf das fadenbildende Polymere, wobei im Fall von im Siliconol 
vorhandenen reaktiven Gruppen diese mindestens teilwelse chemisch an die Polyester-Makromolekule 
gebunden sind, und 



45 



50 



55 



Patent provided by Sughrutfjftf ion, PLLC • http://www.sughrue.com 



EP 1 094 137 A1 



(5) wahlweise weltere ubiiche, bekannte verarbeitungs- oder verwendungsspezifische Additive, 

wobei die Polyesterfasern eine relative Viskositat von 1 ,37 bis 1 ,58, gemessen 1%-ig In m-Kresol. aufweisen. 

2. Polyesterfasern gemaB Patentanspruch 1 . dadurch gekennzeichnet. dass das Slliciumdioxid ein feinteiliges, poro- 
ses Siliclumdioxid-Pulver ist. 

3. Polyesterfasern gemSB Anspruch 1 , dadurch gekennzeichnet. dass das Siliciumdioxid Prinnarteilchengrossen von 
<30 Jim, vorzugsweise < 100 nm aufweist. 

4. Polyesterfasern nach elnem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Siliciumdioxid in 
der Form eines Masterbatches auf Polyesterbasis mit 1 bis 20 Gew.-% SiOg, bevorzugt 5 bis 1 5 Gew.-% SiOg. ver- 
wendetwird. 

5. Polyesterfasern gemaB Anspruch 1 , dadurch gekennzeichnet. dass das SiliconSI ein Polydialkylsiloxan, Polydiaryl- 
siloxan oder Polyalkalarylsiloxan, vorzugsweise Polydimethylsiloxan Ist. 

6. Polyesterfasern gemSss Anspruch 5. dadurch gekennzeichnet, dass Sllicondl verwendet wIrd, welches reaktive 
Hydroxylgruppen, vorzugsweise zwel endstandige reaktive Hydroxylgruppen pro MolekOI autweist. 

7. Polyesterfasern gemSss Anspruch 5 oder 6, dadurch gekennzeichnet, dass es sich bel dem Sllicondl urn ein Poly- 
dimethylsiloxan mIt zwei endstandlgen Hydroxylgruppen handelt. 

8. Polyesterfasern gemaB einem der vorhergehenden Anspruche, dadurch gekennzeichnet. dass sle Drahtscheuer- 
touren-Werte von unter 700 aufweisen. 

9. Polyesterfasern gemaB einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass sie Drahtscheuer- 
touren-Werte von etwa 600 aufweisen. 

10. Polyesterfasern gemaB einem der vorhergegehenden Anspruche, dadurch gekennzeichnet, dass als fadenbilden- 
des Polymer Polyethylenterephthalat eingesetzt wird. 

11. Polyesterfasern gemaB einem der vortiergehenden Ansprtiche. dadurch gekennzeichnet, dass die Siliciumdioxid- 
bzw. Kieselsaureteilchen, bezogen auf das fadenbildende Polymere.in Mengen von 0,05 bis 0,3 Gew.-% eingesetzt 
werden und daB das Sillcon6l in Mengen von 0,05 bis 0,5 Gew.-% eingesetzt wird. 

12. Polyesterfasern gemaB elnem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die Polyesterfasern 
eine relative Viskositat von 1,40 bis 1,55 gemessen 1%-ig in m-Kresol, aufweisen. 

13. Polyesterfasem gemaB Anspruch 12, dadurch gekennzeichnet, dass sle eine relative Viskositat von 1,42 bis 1,48, 
gemessen 1%-lg in m-Kresol, aufweisen. 

14 Verfahren zur Herstellung von Polyesterfasern gemaB elnem oder mehreren der vorhergehenden Anspruche. 
* dadurch gekennzeichnet, dass man die Kombination der Additive (2). (3) und (4) dem Polyestergranulat vor dem 
Aufschmelzen bzw. in der Schmeize vor dem Verspinnen zudosiert und darin vermischt bzw. dispergiert und 
anschlieBend die Schmelzemischung versplnnt. 

15. Verfahren gemaB Anspruch 14, dadurch gekennzeichnet. dass man zur kontinuierlichen Modifizierung der Poly- 
esterschmelze einen Teil der Schmeize aus dem Hauptschmelzstrom abzweigt, diesen Teilstram in einen Seiten- 
strom einspeist, dort mit dem Siliciumdioxid oder Kieselsaurepulver beaufschlagt und dieses darin dispergiert, das 
dispergierte und gemischte Schmelzekonzentrat aus dem Seitenstrom zurilck in die Hauptschmelzeleitung fuhrt 
und dort uber einen statischen Mischer auf die Endkonzentration verdiinnt. das Diol und das Siliconol flussig vor 
dem statischen Mischer dosiert werden, und man anschlieBend die Schmelzemischung versplnnt. 

16. Polyesterfaser gemass Anspruch 1 . dadurch gekennzeichnet. dass man von einem Polyester mit relativer Viskosi- 
tat von> 1.55 ausgeht, der durch Zugabe eines aliphatischen oder alicyclischen Diols auf die gewunschte Zielvis- 
kositat (relative Viskositat, gemessen 1 %-ig in m-Kresol) im Bereich von 1 ,40 bis 1 .55. bevorzugt auf 1 .42 bis 1 .48. 
abgebaut wird. 
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Title: 

POLYESTER RESIN AND METHOD FOR PRdDUCTlON THEREOF 



Abstract: 



A nolvester resin whereby a molded product excellent in a gas barrier property and also 
excelten In an K^^^^ property, a color tone etc and which Part'cul^^^^ 

s JSe for molding a bottle for e.g. a beverage required to have an aroma retention 
oror^erty and further, a polyester reiin, whereby the acetaldehyde content as a mol^^^^^ 
oroduct is reduced to eliminate an Influence over the taste, aroma, etc. of the content 
and a orocess for its production, wherein the poiycondensability is improved, are to be 
D?esented A po yester resin produced by polycondensing a dicarboxylic acid component 
?3nina terephthalic acid or Its ester-forming derivative as the mam component, and a 

compo^^^^ ethylene glycol as the main component m the pr^^^^^^^^ 

a compound of at least one member selected from the group consisting of titanium^^^^^ 
etements in Group 4A of the periodic table, via an esterification reaction or an ester 
excK^ rUction, characterized in that the content of copolymerized components otiier 
than thi terephthalic acid component and the ethylene g'ycjl component, -s no^^^^^^^ 
than 4 mol% based on the total dicarboxylic acid component, and in a molded product 
wfth a SickneS of 3.5 mm injection-molded at 280 DEG C, the d'fference betwe^^^^^ 
ab^sorbance at a wavelength of 395 nm and the absorbance at a wavelength of 800 nm is 
at least 0 08 and the difference between the absorbance at a wavelength of 500 nm a^^^ 
thVabsorbance at a wavelength of 800 nm is at most 0.05; and a process for producing a 

DolveS rtsin whiTh c^^^^ polycondensing a dicarboxylic acid component 
contatn^ng ^^^^^^^ ester-fJrming derivative as the r"?!" component and a 

Hioi r«mnonent containina ethylene glycol as the main component in the presence of (1) 
a''^im?So?aHeaSrone Sber s^eLted from the group consisting of Wan.u^^^^^^^ 
elements in Group 4A of the periodic table, (2) a compound of at least one element 
selected from the gVoup consisting of metal elements of Group la of the Penodic table, 
erements of Group lla of the periodic table, manganese, iron and cobalt and (3) a 
phosphorus compound, via an esterification reaction or an S^tfl exchange r^^^^^^^^ 
characterized in that the amounts of the respective compounds (1 , (2) and (3) are such 
fi^^^mtrthat their contents will be from 0.02 to 0.2 mol as the total amount (T) of atoms 

of the wmpou^^^^^^^^ 0.6 mol as the total amount (M) of atoms of the 

compound ma^nd froS to 0.4 mol as the total amount (P) of atoms of the compound 
compouiiu ^ ; ^ polyester resin. 



Abstract and title translations provided by http:Hep.espacenet.com 
Patent provided by Sughrue Mion. PLLC • hltp://wvyw.5ughrue.com 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



EP1 273 610A1 

\ 2 



(43) Date of publication; 

08.01.2003 Bulletin 2003A02 

(21) Application number: 02711343.0 

(22) Date of filing: 06.02.2002 



(51) tntCl7: C08G 63/85 

(86) International application number: 
PCT/JP02/00981 

(87) International publication number: 

WO 02/062869 (15.08.2002 Gazette 2002/33) 



(84) Designated Contracting States: 

ATBECHCYDEDKESFI PR QBQR IE IT LI LU 
MC NLPTSETR 
Designated Extension States: 
ALLTLVMK RO SI 

(30) Priority: 06.02.2001 JP 2001029135 

(71) Applicant: MITSUBISHI CHEMICAL 
CORPORATION 

Chlyoda-ku, Tokyo 100-0005 (JP) 

(72) Inventors: 

• FUJIMORI. Yoshlhiro, c/o Mitsubishi 
Yokkalchl-shI, Nile 510-0848 (JP) 



• NUKUl, Masahiro, c/o Mitsubishi 
Yokkaichi-shI, Mie 510-0848 (JP) 

• YATSUGI, Yutaka, c/o Mitsubishi 
Yokkalchl-shI, MIe 510-0848 (JP) 

• MATSUi, KenlchI;, c/o Center for Analytical 
Yokkaichi-shi, Mie 510-0848 (JP) 



(74) Representative: 

TER MEER STEINMEISTER & PARTNER GbR 



Patentanwalte, 
Mauerkircherstrasse 45 
81679 MQnchen (DE) 



< 

O 
t— 

CO 

CO 
CM 



(54) 



POLYESTER RESIN AND METHOD FOR PRODUCTION THEREOF 



(57) A polyester resin, whereby a molded product 
excellent in a gas barrier property and also excellent in 
an ultraviolet shielding property, a color tone, etc., and 
which is particularly suitable for molding a bottle for e. 
g. a beverage required to have an aroma retention prop- 
erty, and further, a polyester resin, whereby the acetal- 
dehyde content as a molded product is reduced to elim- 
inate an influence over the taste, aroma, etc. of the con- 
tent, and a process for its production, wherein the poly- 
condensabillty is improved, are to be presented. 

A polyester resin produced by polycondensing a di- 
carboxylic acid component containing terephthalic acid 
or its ester-forming derivative as the main component, 
and a diol component containing ethylene glycol as the 
main component in the presence of (1) a compound of 
at least one member selected from the group consisting 
of titanium group elements in Group 4A of the periodic 
table, via an esterificatlon reaction or an ester exchange 
reaction, characterized in that the content of copolym- 
erized components other than the terephthalic acid 
component and the ethylene glycol component, is not 
more than 4 mol% based on the total dicarboxylic acid 
component, and in a molded product with a thickness of 
3.5 mm injection-molded at 280'C, the difference be- 
tween the absorbance at a wavelength of 395 nm and 



the absorbance at a wavelength of 800 nm is at least 
0.08, and the difference between the absorbance at a 
wavelength of 500 nm and the absorbance at a wave- 
length of BOO nm Is at most 0.05; and a process for pro- 
ducing a polyester resin , which comprises polycondens- 
ing a dicarboxylic acid component containing tereph- 
thalic acid or Its ester-forming derivative as the main 
component, and a diol component containing ethylene 
glycol as the main component in the presence of (1) a 
compound of at least one member selected from the 
group consisting of titanium group elements in Group 
4A of the periodic table, (2) a compound of at least one 
element selected from the group consisting of metal el- 
ements of Group la of the periodic table, elements of 
Group lla of the periodic table, manganese, Iron and co- 
balt, and (3) a phosphorus compound, via an esterifica- 
tlon reaction or an ester exchange reaction, character- 
ized in that the amounts of the respective compounds 
(1 ) , (2) and (3) are such amounts that their contents will 
be from 0.02 to 0.2 mol as the total amount (T) of atoms 
of the compound (1), from 0.04 to 0.6 mol as the total 
amount (M) of atoms of the compound (2) and from 0.02 
to 0.4 mol as the total amount (P) of atoms of the com- 
pound (3). per 1 ton of the polyester resin. 
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Description 

TECHNICAL FIELD 

5 [0001] The present application claims a benefit of Japanese Patent Application No. 2001-29135, and the content of 

this application will be referred to as a reference in the present specification. 

[0002] The present invention relates to a polyester resin, whereby a nnolded product excellent In a gas barrier property 
and also excellent in an ultraviolet shielding property, a color tone, etc., and which is particularly suitatile for molding 
a bottle for e.g. a beverage required to have an aroma retention property, and further, to a polyester resin, whereby 
10 the acetaidehyde content In a molded product is reduced to eliminate an influence over the taste, aroma, etc. of the 
content, and a process for its production, whereby the poiycondensability is improved. 

BACKGROUND ART 

15 [0003] Heretofore, a polyester resin such as a polyethylene terephthalate resin has been widely used for packaging 
containers for various beverages, etc., since it is excellent in mechanical strength, chemical stability, gas banier prop- 
erty, aroma-retention property, hygienics, etc., and is relatively inexpensive and light in weight. Especially, as a container 
for a beverage which requires heat sterilization filling, for e.g. a fruit juice beverage, a bottle having a high gas banier 
property, etc. imparted by an application of stretch heat setting, has shown a rapid expansion . Such a bottle is produced, 

20 for example, by injection molding a bottomed tubular prefomi, reheating the preform to soften it. followed by stretch 
blow molding. At that time, the blow mold is heated to apply heat setting to the bottle, whereby crystals of molecular 
chains aligned by stretching are fixed to provide the high gas barrier property, etc. 

[0004] However, with respect to the polyethylene terephthalate resin to be used in such a field of beverage containers, 
in the case of a polyethylene terephthalate resin produced by using an antimony compound as a polycondensation 
25 catalyst, which Is most commonly used for bottles for wide range of purpose, copolymerlzable components such as 
Isophthallc acid, diethylene glycol, etc. other than the terephthalic acid component and the ethylene glycol component, 
are copolymerized in an amount of from about 3 to 10 mol% based on the total dicarboxylic acid component in order 
to provide transparency, whereby the intended gas barrier property may not be obtained, whereby the aroma-retention 
property as a bottle tends to decrease, and the aroma of the content is likely to decrease, or the ultraviolet shielding 
30 property tends to be poor, whereby the flavor component or the color tone of the content is likely to deteriorate, and 
further, another problem is also worried such that antimony remaining in the resin will elute from the container at a high 
temperature and will transfer to the contained beverage although slightly. On the other hand, with a polyethylene tereph- 
thalate resin prepared by using a gemnanium compound as a polycondensation catalyst, which is commonly used for 
heat resistant bottles, copolymerlzable components other than the terephthalic acid component and the ethylene glycol 

35 component, may be copolymerized In a relatively small amount at a level of more than 2 to 5 moi% based on the total 
dicarboxylic acid component, but the above-mentioned problem relating to a decrease of the aroma-retention property 
cannot still be solved, and the ultraviolet shielding property is also inferior, and further, the gemianium compound Is 
expensive, whereby an economical disadvantage cannot be avoided. Accordingly, it is strongly desired to have a sub- 
stitute polycondensation catalyst developed. 

40 [0005] Further, many polyethylene terephthalate resins have been proposed which are prepared by using titanium 
compounds as polycondensation catalysts, but they have had problems such that they lack in themnal stability, so that 
the obtainable resins tend to have a yellowish color tone, or the change in the coiortone after being heated is substantial, 
and further have problems such that acetaidehyde, a cyclic trimer, etc. are formed in a large amount as by-products 
during the polycondensation and the melt molding, and when used as bottles, they tend to deteriorate the tastes, 

45 aromas , etc. of the contained beverages. Whereas, e.g. JP-A-8-73581 discloses a process for producing a polyethylene 
terephthalate resin which is colorless and excellent in transparency, by using a titanium compound, a cobalt compound, 
and a limited amount of complex-forming agent, such as phosphoric acid, phosphorous acid and/or phosphonic add 
or its derivative. However, according to the study conducted by the present inventors, it has been found that the pol- 
yethylene terephthalate resin obtainable by this process is not one which is able to solve the above-mentioned problem 

50 such as a decrease in the aroma-retention property and the problem such as deterioration of the taste, the aroma, etc. 
of the content. 

[0006] Further, EP-A-1 0 1 3692 discloses that production of acetaidehyde as a by-product during the polycondensa- 
tion and the melt molding can be suppressed by using titanium and metal compounds, as polycondensation catalysts, 
so that specific amounts of titanium atoms and metal atoms such as magnesium, would be in a specific ratio. Further, 
55 In JP-A-2000-33991 9 filed by the present applicants, it is disclosed that in the polycondensation in the presence of (1 ) 
a titanium compound, (2) a compound of at least one element selected from the group consisting of metal elements 
of Group 1 A of the periodic table, elements of Group 2A of the periodic table and manganese, and (3) a phosphonjs 
compound, the order of addition of the respective compounds (1), (2) and (3) is set to be (3). then (2) and then (1). 
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whereby by-products sueh as acetaldehyde, a cyclic trimer, etc., can be reduced. However, according to the study by 
the present Inventors, ft has been found that these methods are certainly effective to reduce by-products, but with the 
disclosed methods, there Is still a room for Improvement with respect to the gas barrier property, the ultraviolet shielding 
property or the polycondensability. 

[00071 The present Invention has been made In view of the above-described prior art, and it is an object of the present 
invention to provide a polyester resin, whereby a molded product excellent in the gas barrier property and also excellent 
In the ultraviolet shielding property, the color tone, etc., and which is particularly suitable for molding a bottle for e.g. 
a beverage required to have an aroma-retention property, and further, a polyester resin, whereby the acetaldehyde 
content as a molded product Is reduced to eliminate an influence over the taste, the aroma, etc. of the content, and a 
process for its production, whereby the polycondensability is Improved. 

DISCLOSURE OF THE INVENTION 

[00081 As its gist, the present invention provides a polyester resin produced by polycondensing a dicarboxylic acid 
component containing terephthalic acid or its ester-fomhing derivative as the main component, and a diol component 
containing ethylene glycol as the main component in the presence of (1) a compound of at least one member selected 
from the group consisting of titanium group elements in Group 4A of the periodic table, via an esteriflcation reaction 
or an ester exchange reaction, characterized in that the content of copoiymerized components other than the tereph- 
thalic acid component and the ethylene glycol component, is not more than 4 mol% based on the total dicaitoxyilc 
acid component, and in a molded product with a thickness of 3.5 mm injection-molded at 280*'C. the difference between 
the absorbance at a wavelength of 395 nm and the absorbance at a wavelength of 800 nm is at least 0.08, and the 
difference between the absorbance at a wavelength of 500 nm and the absorbance at a wavelength of 800 nm is at 
most 0.05. 

[0009] Further, as its gist, the present invention provides a process for producing a polyester resin, which comprises 
polycondensing a dicarboxylic acid component containing terephthalic acid or Its ester-fomning derivative as the main 
component, and a diol component containing ethylene glycol as the main component in the presence of (1 ) a compound 
of at least one member selected from the group consisting of titanium group elements in Group 4A of the periodic table, 
(2) a compound of at least one element selected from the group consisting of metal elements of Group 1 A of the 
periodic table, elements of Group2A of the perlodlctable, manganese, iron andcobalt, and (3) a phosphorus compound, 
via an esteriflcation reaction or an ester exchange reaction, characterized in that the amounts of the respective com- 
pounds (1), (2) and (3) are such amounts that their contents will be from 0.02 to 0.2 mol as the total amount (T) of 
atoms of the compound (1 ) , from 0.04 to 0.6 mol as the total amount (M) of atoms of the compound (2) and from 0.02 
to 0.4 mol as the total amount (P) of atoms of the compound (3), per 1 ton of the polyester resin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

Fig. 1(a): a plan view of a stepped molded plate for evaluation of the physical properties, molded in Examples. 
Fig. 1 (b): a front view of the stepped molded plate for evaluation of the physical properties, molded in Examples. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 1] The polyester resin of the present invention is one produced by polycondensing a dicarboxylic acid component 
containing terephthalic acid or its ester-fomning derivative as the main component, and a diol component containing 
ethylene glycol as the main component, via an esteriflcation reaction or an ester exchange reaction, and is preferably 
a polycondensate of a dicarboxylic acid component In which the terephthalic acid component constitutes at least 96 
mol%, more preferably at least 99 mol%, of the total dicarboxylic acid component, with a diol component In which the 
ethylene glycol component constitutes at least 96 mol%, more preferably at least 97 mol%, of the total diol component. 
If the proportion of the terephthalic acid component in the total dicarboxylic acid component, and the proportion of the 
ethylene glycol component in the total diol component, are less than the above ranges, the aligned crystallization of 
the molecular chains by stretching at the time of molding a bottle, etc., tends to be inadequate, whereby the mechanical 
strength, the gas barrier property, the heat resistance, etc., as a molded product such as a bottle, tend to be inadequate. 
[0012] And, in the polyester resin of the present invention, it is essential that the content of copolymerizable compo- 
nents other tlian the terephthalic acid component and the ethylene glycol component is not more than 4 mol%, pref- 
erably not more than 3 mol%, further preferably not more than 2 mol%. If the content of copolymerizable components 
exceeds the above range, it tends to be difficult to obtain a molded product which is excellent in e.g. the aroma-retention 
property, etc., and in which the acetaldehyde content is reduced. 
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sulfoisophthalate, phenylene dioxydtcarboxylic ao d VJ^^^cM^aM 4 4'-diphenyMlfone dicarboxylic 
acid. 4,4'-diphenyl ketone dicarboxylic acid. 4.4'-d«Phe"0xyethane d^a^^^^^^ Siwdroterephthalic acid or hexahy- 
acid or.2.6-r,api,thaler,o dicarboxylic acid, an -'^'^^^J-^^^^^^^^^^^^^^ acid, pimelic acid, 

droisophthalicacid. and an aliphatic d.carboxy^c ^'^^ 
suberic acld.azelaicacid.8ebacicadd,undecBd^^^^^^^^^^^^^^ 

thereof, and a halogenated product thereo . ^^'^'^ ^ 13 preferably from 0.1 to 3 mol%. If 

s:ra^;rir^^^^^^ 

Lctiinsysternn,aybementioned,andthe^^^^^^^^^^ 

r,ot more than 3 mol%. more preferab y from 1 *° ^ rnol^ kiclu^^^ 

fromoutsidethesystem. 'f Methylene glycol exceeds t^ range, a ^^^^^ ^^^^^^ 

resin is fom,ed into a molded product the 

acetaidehydecontent.Fu,ther.otherdioIcomponentwf^^^^^^^^^ decamethylene glycol, 

tetramethylene glycol, pentamethytene glycol » 
neopentyl glycol. 2-ethyl-2-butyM,3-propanedM polye^^^^^^^^ 
diol such as 1.2-cydohexanediol, Mjd^^^^^^^^^^^ 

2.5-norbomanedimethylol. and an aromatic diol J^^^^ Jj'^.":,^,;^ or bis(4-p-hydroxyethoxy- 

trimethylolpropane. glycerol, P«"f 'V^*'^'^"' ' "3"*' ^^at in a molded product with a thickness of 3.5 mm 
10016] The polyester resin of the present invention is such that in ^""^ ^ ^ absorbance at 

iniJon-moWedatZBOoC.thediffer^^^^^^^^^^^ 

a wavelength of 800 nm is at least O O^- ^ange it tends to be difficult to obtain a molded 
at least 0.20. If this difference in absorbance is less ^^"J^f.f/^^l^^^^^ having a thickness of 3.5 mm injec- 
product excellent in the ultraviolet shie^g P-P^^ . ^^^^^^^^^^ 73 wSh o^^ nm and the absorbance at a 
tion-molded at 2B0'C. the difference between abso*^^^^^^^^^ „ ^ost 0.04. more preferably 

wavelength of BOO nm is at most 0^5. and th« ^'^^ ."^^^^^^^^^ ^^^s to be dfflicult to obtain a molded 
at most 0.03. If thte difference in ^ J^^^^^^ is a value at each wavelength when 

r^brrarrn"^^^^^^ 

ature Tc) of the resin in the molded product after the ''^^'^^^.'r;^ "^^^^^^ crystallization tem- 

preferably from 155 to 1 65°C. particularly preferably ^ ^-^J ^7 to m 9 J 

'perature TO relates to the cnrstallization rate f '^^T^re^e'r'^^^^^^^ '""'^ *an the above 

the temperature-rising crystallization ^^'"Pf/^;;^!^^ '^^^^^^^^^^ and a problem such as leakage 

range, the dimensional stability at the mouth stopper port'on d^tenorates as^^^^^ p ^^^^^^ 

of a gas from the mouth stopper portion or °' "^^^J"""!," crystallization peak temperature 

50 temperature-rising crystallization ternperature Oc) . ^^^^^^ T^r^^Z ^'cTz^'O at a rate'of 20»C/min in a 
observed in the temperature rise when the temperature was raisea 

nitrogen stream by means of a ^^^^^^^^^^^^ that the intrinsic viscosity (M is preferably from 

[0018] Further, the PolV^f ^ °' o JoTo BO dTgTa value measured at 30=C in a solution in a mixed solvent 
0.70 to 0.90 d€/g, more preferably fron^^O.70 to aBO df^^^^ 
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Hunter's color difference formula in the Lab color systenn as disclosed in Reference 1 in JIS Z8730, is preferably riot 
more than 4 more preferably from -5 to 2. If value b exceeds the above range, the color tone tends to be yellowish as 
a molded product such as a bottle. Further, the cyclic trimer content (CT) is preferably not more than 0.50 wt%. more 
preferably not more than 0,40 wt%. If the cyclic trimer content (CT) exceeds the above range, contamination of the 
mold tends to occur during molding of a bottle, etc. 

[001 91 Further the acetaldehyde content (AA^) Is preferably not more than 5.0 ppm, more preferably not more than 
3 0 ppm Further, the acetaldehyde content (AAg) of the resin in a molded product after irtjectlon-molded at 280''C, Is 
preferably not more than 20 ppm, more preferably not more than 1 8 ppm. particularly preferably not more than 1 5 ppm. 
If the acetaldehyde content (AA^) and the acetaldehyde content (AA2) exceed the above ranges, it tends to be difficult 
to eliminate an Influence over the taste, the aroma, etc. of the content, as a molded product such as bottle. Further, 
the hazeof amolded product with a thickness of 5 mm afterthe Injection molding at 280'»C is preferably not more than 
10%, more preferably not more than 8%. 

[0020] And in the present invention, in order to bring the above-mentioned content of copoiymerlzable components, 
the intrinsic viscosity ([ii]), color coordinate value b, the cyclic trimer content (CT), the acetaldehyde content (AAi). as 
well as the absorbance of the molded product after the Injection molding at 280°C. the temperature-rising crystallization 
temperature (Tc). the acetaldehyde content (AAg). and the haze. etc. within the above ranges, it is essential that the 
polycondensatlon of the polyester resin is carried out in the presence of (1 ) a compound of at least one member selected 
from the group consisting of titanium group elements In Group 4A of the periodic table. Accordingly, the polyester resin 
of the present invention contains (1 ) a compound of at least one member selected from the group consisting of titanium 
group elements in Group 4A of the periodic table. 

[00211 Here (1 ) the compound of a titanium group element of Group 4A of the periodic table, i.e. titanium, zirconium 
or hafnium, may. for example, be an oxide, a hydroxide, an alkoxide, an acetate, a carbonate, a oxalate and a hatide 
of such an element. Among compounds of such elements, a titanium compound is preferred. Specifically, the titanium 
compound may, for example, be a titanium alkoxide such as tetra-n-propyl titanate, tetra-i-propyl titanate. tetra-n-butyl 
titanate tetra-n-butyl titanate tetramer, tetra-t-butyl titanate. tetracyclohexyl titanate, tetraphenyl titanate or tetrabenzyl 
titanate' a titanium oxide obtainable by the hydrolysis of a titanium alkoxide. a titanium/silicon or zirconium double 
oxide obtainable by the hydrolysis of a mixture of a titanium alkoxide with a silicon alkoxide or a zirconium alkoxide. 
titanium acetate, titanium oxalate, titanium potassium oxalate, titanium sodium oxalate, potassium titanate. sodium 
titanate a titanic acid/aluminum hydroxide mixture, titanium chloride, a titanium chloride/aluminum chloride mixture, 
titanium bromide, titanium fluoride, potassium hexafluorot'itanate. cobalt hexafluorotitanate, manganese hexafluoroti- 
tanate ammonium hexafluorotitanate. or titanium acetylacetonate. Among them, a titanium alkoxide such as tetra-n- 
propyl 'titanate. tetra-i-propyl titanate or tetra-n-butyl titanate. titanium oxalate or titanium potassium oxalate, is pre- 
ferred, and tetra-n-butyl titanate is particularly preferred. 

[00221 Further with respect to the polycondensatlon, from the viewpoint of the polycondensabllity, reduction of by- 
products such as acetaldehyde. a cyclic trimer. etc, in the obtainable resin and the color tone, as well as the absorbance 
of the molded product, the temperature-rising crystallization temperature, etc. one polycondensed in the coexistence 
of (2) a compound of at least one element selected from the group consisting of metal elements of Group 1 A of the 
periodic table, elements of Group 2A of the periodic table, manganese, iron andcobalt, and (3) a phosphorus compound, 
is preferred Accordingly, the polyester resin of the present Invention preferably contains (2) the compound of at least 
one element selected from the group consisting of metal elements of Group 1 A of the periodic table, elements of Group 
2A of the periodic table, manganese. Iron and cobalt, and (3) the phosphorus compound. 

[0023] Here. (2) the compound of at least one element selected from the group consisting of metal elements of Group 
1 A of the periodic table, elements of Group 2A of the periodic table, manganese, iron and cobalt, may, for example, 
be an oxide a hydroxide, an alkoxide. an acetate, a carbonate, an oxalate, a halide, etc. of lithium, sodium, potassium, 
magnesium', calcium, manganese. Iron, cobalt, etc. Specifically, it may, for example, be lithium acetate, sodium acetate, 
potassium acetate, magnesium oxide, magnesium hydroxide, magnesium alkoxide. magnesium acetate, magnesium 
carbonate calcium oxide, calcium hydroxide, calcium acetate, calcium carbonate, manganese oxide, manganese hy- 
droxide, rnanganese acetate, feme acetate, cobalt fonnate, cobalt acetate, cobalt oxalate, cobalt cart)onate. cobalt 
bromide or cobalt acetylacetonate. Among them, a magnesium compound or a manganese compound is preferred. 
Particularly preferred is a magnesium compound, and magnesium acetate is especially preferred. 
[0024] Further. (3) the phosphorus compound may, specifically, be a pentavalent phosphorus compound, such as 
orthophosphorlc'acid. polyphosphoric acid or a phosphoric acid ester such as trimethyl phosphate, triethyl phosphate, 
tri-n-butyl phosphate, trioctyl phosphate, triphenyi phosphate, tricresy! phosphate, tris(triethylene glycol) phosphate, 
methyl acid phosphate, ethyl acid phosphate, isopropyl acid phosphate, butyl acid phosphate, monobutyl phosphate, 
dibutyl phosphate, dioctyl phosphate ortriethylene glycol acid phosphate, phosphorous acid, hypophosphorous acid, 
a phosphorous acid ester such as trimethyl phosphite, diethyl phosphite, triethyl phosphite, trisdodecyl phosphite, 
trisnonyldecyl phosphite, ethyl diethyl phosphonoacetate or triphenyi phosphite, or a trivalent phosphorus compound 
such as a metal salt of lithium, sodium, potassium, etc. Among them, a phosphoric acid ester as a pentavalent phos- 
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phorus compound is preferred. Particularly preferred is trimetliyl phosphate or ethyl acid phosphate. 
[0025] In the present Invention, the respective amounts of (1) the above compound of at least one member selected 
from the group consisting of titanium group elements in Group 4A of the periodic table, (2) the above compound of at 
least one element selected from the group consisting of metal elements of Group 1 A of the periodic table, elements 
of Group 2A of the periodic table, manganese, Iron and cobalt, and (3) the above phosphorus compound, used at the 
time of polycondensation. and the respective contents In the resulting polyester resin, are preferably from 0,002 to 1 
mol. more preferably from 0.002 to 0.5 mol, as the total amount (T) of atoms of the compound (1 ), preferably from 0.04 
to 5 mol, more preferably from 0.04 to 3 mol, as the total amount (M) of atoms of the compound (2), and preferably 
from 0.02to 4 mol, more preferably from 0.02 to 2 mol, as the total amount (P) of atoms of the compound (3), per 1 ton 
of the polyester resin. 

[0026] When the total amount (T) of atoms of the compound (1). the total amount:(M) of atoms of the compound (2) 
and the total amount (P) of atoms of the compound (3) are within the abbve:ranges. the ultraviolet ihieldingpropertles 
tend to be excellent. Further, particularly, in order to reduce the acetaldehyde content In the rtiolded product and to 
Improve the polycondensabillty, the total amount (T) of atoms of the compound (1 ) is more preferably from 0,02 to 0.2 
mol, particularly preferably from 0.04 to 0.15 mol, the total amount (M) of atoms of the compound (2) is more preferably 
from 0.04 to 0.6 mol, particularly preferably from 0.05 to 0.4 mol. most preferably from 0.1 to 0.3 mol, and the total 
amount (P) of atoms of the compound (3) is more preferably from 0.02 to 0.4 mol, particularly preferably from 0.1 to 
0.3 mol, per 1 ton of the polyester resin. 

[0027] Further, once the amounts of the respective compounds i.e. (1 ) the compound of at least one member selected 
from the group consisting of titanium group elements in Group 4A of the periodic table, (2) the compound of at least 
one element selected from the group consisting of metal elements of Group 1 A of the periodic table, elements of Group 
2A of the periodic table, manganese. Iron and cobalt, and (3) the phosphorus compound, satisfy the molar amounts 
of the above ranges as the total amount (T) of atoms of the compound (1), as the total amount (M) of atoms of the 
compound (2), and as the total amount (P) of atoms of the compound (3), it is preferred that the molar ratio [P/T] of 
the total amount (P) of atoms of the compound (3) to the total amount (T) of atoms of the compound (1 ) Is from 0.1 to 
10. more preferably from 1 to 7, particularly preferably from 2 to 5. and the molar ratio [M/TJ of the total amount (M) of 
atoms of the compound (2) to the total amount (T) of atoms of the compound (1) is from 0.1 to 10, more preferably 
from 0.5 to 7, particularly preferably from 3 to 5, Further, for a polyester resin particularly excellent in the ultraviolet 
shielding property, it Is preferred that the molar ratio [P/Wi] of the total amount (P) of atoms of the compound (3) to the 
total amount (M) of atoms of the compound (2), is more than 0 to 1 0, more preferably from 1 to 5, particularly preferably 
from 2 to 4, and the molar ratio [P/(T+M)] of the total amount (P) of atoms of the compound (3) to the sum of the total 
amount (T) of atoms of the compound (1) and the total amount (M) of atoms of the compound (2), is more than 0 to 
1 0. more preferably from 0.5 to 5, particularly preferably from 1 to 3. 

[0028] If the molar ratio [PfT] is less than the above range, the obtainable resin tends to be yellowish, and thus the 
color tone tends to deteriorate. On the other hand, if it exceeds the above range, the melt polycondensability and the 
solid phase polycondensability, which will be described hereinafter, tend to deteriorate simultaneously. Further, if the 
above molar ratio [M/T] is less than the above range, the melt polycondensability and the solid phase polycondensability, 
which will be described hereinafter, will deteriorate simultaneously, and it tends to be difficult to reduce the acetaldehyde 
content in the molded product of the resulting resin. On the other hand, if it exceeds the above range, the solid phase 
polycondensability which will be described hereinafter, tends to deteriorate. 

[0029] Further, in the present invention, during the polycondensation, metal compounds other than the above-men- 
tioned respective compounds, may be present within a range not to Impair the effects of the present Invention, and 
accordingly, such metal compounds may be contained in the polyester resin of the present invention. In such a case, 
the metal compounds may. for example, be compounds such as oxides, hydroxides, aikoxides. cartDonates. phos- 
phates, carboxylates or halides of aluminum, chromium, nicl<el, copper, zinc, germanium, molybdenum, silver, tin. 
lanthanum, cerium, tungsten, gold, etc. The above-mentioned respective compounds and other compounds are pref- 
erably ones soluble In water or an alcohol such as ethylene glycol. 

[0030] The polyester resin of the present invention is produced by polycondensing a dicariDOxylic acid component 
containing the above terephthalic acid or its ester-fomning derivative as the main component and a diol component 
containing ethylene glycol as the main component in the presence of (1 ) the compound of at least one element selected 
from the group consisting of titanium group elements of Group 4A of the periodic table, preferably in the coexistence 
of (2) the compound of at least one element selected from the group consisting of metal elements of Group 1 A of the 
periodic table, elements of Group 2A of the periodic table, manganese, iron and cobalt, and (3) the phosphorus com- 
pound, via an esterification reaction or an ester exchange reaction, but basically in accordance with a common process 
for producing a polyester resin. Namely, It is produced by introducing into a slurry preparation tanl<the above dicartDO- 
xylic acid component containing the above terephthalic acid or its ester-fomning derivative as the main component and 
the diol component containing ethylene glycol as the main component together with optional copolymerizable compo- 
nents, etc., followed by mixing with stirring to obtain a raw material slurry, subjecting it to an esterification reaction for 
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from about 1 to 10 hours in an esterification reactor under atmospheric pressure or elevated pressure under heating 
with stirring or to an ester exchange reaction in the presence of an ester exchange catalyst, then transferring the 
obtained polyester low molecular weight product as the esterification reaction product or the ester exchange reaction 
product to a polycondensation tank, and melt polycondensing it in the presence of the above-mentioned compounds 
under atmospheric pressure or gradually reduced pressure under heating with stirring for about 1 to 20 hours. These 
operations may be carried out by a continuous system or by a batch system. 

[0031] At that time, preparation of the raw material slurry comprising the dicarboxylic add component containing 
terephthalic acid or its ester-forming derivative as the main component and the diol component containing ethylene 
glycol as the main component, is earned out preferably by adjusting the molar ratio of the total dioi component to the 
total dicarboxylic acid compoheht to be within a range of from 1 .0 to 2:5, more preferably within a range of froin 1 .03 

to 17. ^. , 

[0032] Further, the esterification reaction is carried out by means of a single esterification reactor or a rriulti-stage 
reaction apparatus having a plurality of esterification reactors connected in series, under reflux of ethylene glycol, while 
removing water formed by the reaction and excess ethylene glycol out of the system. At that time, the esterification 
ratio (the proportion of the esterifled by a reaction with the didi compoheht among the total carboxyl groups of the raw 
material dicarboxylic acid component) of the polyester low molecular weight product as the esterification reaction prod- 
uct or the ester exchange reaction product, is preferably at least 95%. Further, the number average molecular weight 
of the low molecular weight product is preferably from 500 to 5,000. Further, in the case of the ester exchange reaction, 
it is necessary to employ an ester exchange catalyst, whereby the transparency of the resulting resin usually tends to 
be poor. Accordingly, in the present invention, the product is preferably one produced via the esterification reaction. 
[0033] With respectto the reaction conditions in the esterification reaction, In the case of a single esterification reactor, 
the temperature is usually at a level of from 240 to 280°C, the relative pressure to the atmosphere Is usually at a level 
of from 0 to 400 kPa (from 0 to 4 kg/cm2G), and the reaction time is from about 1 to 10 hours with stirring. In the case 
of a plurality of esterification reactors, the reaction temperature In the esterification reactor for the first stage is usually 
from 240 to 270'C. preferably from 245 to 265*»C, and the relative pressure to the atmospheric pressure Is usually from 
5 to 300 kPa (from 0.05 to 3 kg/cm2G). preferably from 10 to 200 kPa (from 0.1 to 2 kg/cm^G), and the reaction 
temperature in the final stage Is usually from 250 to 280'>C, preferably from 255 to 275»C, and the relative pressure to 
the atmospheric pressure Is usually from 0 to 1 50 kPa (from 0 to 1 .5 kg/cm2G). preferably from 0 to 130 kPa (from 0 
to 1 .3 kg/cm26). Further, the esterification ratio in each stage is preferably adjusted so that its increase will be equal, 
[0034] Further. In the esterification reaction, it is possible to suppress production of diethylene glycol as a by-product 
from ethylene glycol, by adding a small amount of e.g. a tertiary amine such as triethylamine, tri-n-butylamine or benzyl 
dimethylamine, a quaternary ammonium hydroxide such as tetraethylammonium hydroxide, tetra-n-butylammonium 
hydroxide or trimethylbenzylammonium hydroxide, or a basic compound such as lithium carbonate, sodium carbonate, 
potassium carbonate or sodium acetate. 

[0035] Further, the melt polycondensation is canrled out under reduced pressure, while distilling off fonmed ethylene 
glycol out of the system, by means of a single melt polymerization tank, or a multi-stage reaction apparatus having a 
plurality of melt polycondensation tanks connected in series, for example, an apparatus comprising a perfect mixing 
type reactor equipped with stirring vanes forthe first stage and horizontal plug flow type reactors equipped with stirring 
vanes forthe second and third stages. 

[0036] With respect to the reaction conditions In the melt polycondensation, in the case of a single polycondensation 
tank, the temperature is usually from about 250 to 290'»C, the pressure is gradually reduced from the atmospheric 
pressure, so that finally, the absolute pressure will be usually at a level of from 1 .3 to 0.013 kPa (from 10 to-0.1 Torr), 
and the reaction time Is from about 1 to 20 hours with stirring. Whereas, in the case of a plurality of polycondensation 
tanks, the reaction temperature in the polycondensation tank for the first stage is usually from 250 to 290'C, preferably 
from 260 to 2B0»C and the absolute pressure is usually from 65 to 1 .3 kPa (from 500 to 1 0 Torr), preferably from 26 
to 2 kPa (from 200 to 1 5 Torr), and the reaction temperature in the final stage is usually from 265 to 30O''C. preferably 
from 270 to 295*'C. and the absolute pressure is usually from 1.3 to 0.013 kPa (from 10 to 0.1 Torr), preferably from 
0.65 to 0.065 kPa (from 5 to 0.5 Torr). The reaction conditions for an intemnedlate stage are selected to be intemnediate 
conditions thereof, and for example, in a three stage reaction apparatus, the reaction temperature in the second stage 
is usually from 265 to 295»C, preferably from 270 to 285°C. and the absolute pressure is usually from 6.5 to 0.1 3 kPa 
(from 50 to 1 Torr), preferably from 4 to 0.26 kPa (from 30 to 2 Torr). 

[0037] Further, at the time of polycondensation, timing for addition of (1) the compound of at least one element 
selected from the group consisting of titanium group elements of Group 4A of the periodic table, (2) the compound of 
at least one element selected from the group consisting of metal elements of Group 1 A of the periodic table, elements 
of Group 2A of the periodic table, manganese, iron and cobalt, and (3) the phosphorus compound, to the reaction 
system, may be at any one of an optional stage of a step of preparing a slurry of the starting material terephthalic acid 
or its ester-forming derivative, ethylene glycol, and optionally employed other dicariDoxylic acid components, or a step 
of the esterification reaction or the ester exchange reaction, or in the initial stage of the melt polycondensation step. 
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However, the compounds (1 ) and (2) are added preferably in the step of the esterification reaction or the ester exchange 
reaction, or In the stage of transportation to the melt poiycondensation step, and it Is also preferred that they are added 
at a stage where the esterification ratio of the esterification reaction product or the ester exchange reaction product 
reaches at least 90%. Further, it is preferred that the compound (1) is added later than the compound (2). Further, it 
5 is preferred that the compou nd (3) is added at a stage where the esterification ratio of the esterification reaction product 
or the ester exchange reaction product Is less than 90%. 

[0038] With respect to the specific steps for addition of the respective compounds, it is prefenred, for example, that 
the compound (1) is added to the esterification reaction tani< for the final stage in the multi-stage reaction apparatus 
or to the esterification reaction product or the ester exchange reaction product in the stage for transportation to the 

10 melt.polycondensation step, and the compound (2) is added to the esterification reaction tank for the final stage in the 
multi-stage reaction apparatus. Further, the compound (3) Is preferably added to the slurry preparation tank or the 
esterification reaction tank for the first stage, particularly preferably to the slurry preparation tank. Narhely, in the present 
invention, it is preferred to set the order of addition of the respective compounds (1 ), (2) and (3) to the reaction system 
to be (3) then (2) and then (3). 

15 [0039] By setting the timing of addition and the order of addition of the respective compounds (1 ), (2) and (3) to the 
reaction system as mentioned above, the thennal stability of the resin can be improved, and production of diethylene 
glycol as a by-product in the reaction system which causes production of acetaidehyde, etc. as by-products during the 
melt molding, can be suppressed, and further, it Is possible to effectively obtain the effects for improving the meit 
polycondensability and the solid phase polycondensabllity. 

20 [0040] Further, addition of the respective compounds (1), (2) and (3) to the reaction system at the time of the poly- 
condensation, is preferably carried out in the form of a solution in e.g. water or an alcohol such as ethylene glycol. In 
an ethylene glycol solution In a case where a titanium compound Is used as the compound (1 ), it is pretended to adjust 
the concentration of titanium atoms to be from 0.01 to 0.3 wt% and the water concentration to be from 0.1 to 1 wt%, 
from the viewpoint of the dispersibllity of the titanium compound in the reaction system and the improvement of the 

25 meit polycondensability and the solid phase polycondensability thereby obtainable. 

[0041 ] Further, the reaction time for the melt poiycondensation Is usually preferably at most 3.5 hours. If the reaction 
time exceeds it, it tends to be difficult to reduce the aldehyde content in the resulting resin and the amount of acetai- 
dehyde by-product during the melt molding. 

[0042] The polyester resin obtainable by the above melt poiycondensation is such that the intrinsic viscosity ([t]^]) 
30 is preferably from 0.35 to 0.75 d^g, more preferably from 0.50 to 0.60 d^/g, as a value measured at SO^C in a solution 
In a mixed solvent of phenol/tetrachloroethane (weight ratio: 1/1). If the Intrinsic viscosity Is less than the above 
range, the withdrawing property from the poiycondensation tank, which will be described hereinafter, tends to be poor. 
On the other hand, if it exceeds the above range, it tends to be difficult to reduce the acetaidehyde content in the 
resulting resin. Further, the melt poiycondensation velocity (V^) as a value obtained by dividing the above-mentioned 
35 intrinsic viscosity (h^j) of the resulting polyester resin by the above-mentioned reaction time, Is.preferably at least 0. 1 5 
df/g/hr. 

[0043] Further, the resin obtained by the melt poiycondensation is usually withdrawn in the form of a strand from a 
discharge outlet provided at the bottom of the poiycondensation tank and, while being cooled by water or after being 
cooled by water, cut by a cutter into particles such as pellets or chips. Further, such particles after the melt polyconden- 

40 sation, are usually heated at a temperature of from about 60 to 1 80°C in an atmosphere of an Inert gas such as nitrogen, 
carbon dioxide or argon, or in a steam atmosphere, or in a steam-containing inert gas atmosphere« to crystallize the 
surface of the resin particles and then subjected to solid phase poiycondensation by heat treatment at a tow temperature 
of from immediately below the adhesive temperature of the resin to 80*'C in an inert gas atmosphere or/and under a 
reduced pressure of from 1 .3 to 0.013 kPa (from 10 to 0.1 Torr), usually for a period of at most 50 hours, while letting 

45 the particles flow not to fuse one another. By this solid phase poiycondensation, it is possible to further Increase the 
polymerization degree and to reduce by-products such as acetaidehyde, a cyclic trimer, etc. 
[0044] The polyester resin obtainable by the above solid phase poiycondensation Is such that the intrinsic viscosity 
([Tjg]) is preferably from 0.70 to 0.90 d^/g, more preferably from 0.70 to 0.80 d^/g, as a value measured at 30°C in a 
solution in a mixed solvent of phenolAetrachloroethane (weight ratio: 1/1). Further, the solid phase poiycondensation 

50 velocity (V2) as a value obtained by dividing the difference ([t|2]-[t1i]) between the above intrinsic viscosity ([r\^) of the 
obtainable solid phase poiycondensation resin and the intrinsic viscosity of the above-mentioned melt poiy- 
condensation resin, by the above-mentioned reaction time, is preferably from 0.008 to 0.015 df/g/hr. Further, the ratio 
(V2A/1) of this solid phase poiycondensation velocity to the above-mentioned melt poiycondensation velocity is pref- 
erably within a range of from 0.04 to 0.07, more preferably within a range of from 0,05 to 0.07. 

55 [0045] Further, for the purpose of improving the thermal stability, reduction of by-products such as acetaidehyde, a 
cyclic trimer, etc. during the molding, etc., the resin obtained by the above meit poiycondensation or the solid phase 
poiycondensation may usually be subjected to water treatment of dipping it in warm water of at least 40'C for at least 
10 minutes, or steam treatment of contacting it with steam or a steam-containing gas of at least eO'C for at least 30 
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minutes, or treatment with an organic solvent, an acidic aqueous solution of e.g. various mineral acids, organic acids 
or ptiosphorlc acids, or treatment by an alkaline aqueous solution or an organic solvent solution, of a Group 1 A metal, 
a Group 2A metal or an amine. 

[0046] Further, the polyester resin of the present invention may contain a crystalline themnoplastic resin different 
from the polyester resin in a content of from 0.0001 to 1 ,000 ppm, preferably from 0.0005 to 1 00 ppm, more preferably 
from 0.001 to 1 0 ppm, as the case requires, to adjust the temperature-rising crystallization temperature (To) of the resin 
in the above-mentioned molded product after injection molding to the above-mentioned range. As such a crystalline 
thermoplastic resin, a polyolefin resin or a polyamide resin may be mentioned as a typical example. 
[0047] The polyolefin resin may, for example, be a homopoiymer of an a-olefin having from about 2 to 8 carbon 
atoms, such as ethylene, propylerie or buterie-1 , or a copolymer of such an (x-o!efin with another a-olefin having from 
2 to 20 carbon atoms such as ethylene, propylene, l^butene, 3-methyl-1-butene. 1-pentene, 4-methyl-1-pentene, 
1-hexene, 1-octene or 1-decene, or with a vinyl compound such as vinyl acetate, acrylic acid, methacryiic acid, an 
acrylate, a methacrylate. vinyl chloride or styrene. Specifically, it may, for example, be an ethylene resin such as an 
ethylene homopoiymer such as a low, intermediate or high density polyethylene, an ethylene/propylene copolymer, an 
ethylene/1 -butene copolymer, an ethylene/4-rhethyl-1 ^pentene copolymer, an ethylerie/1-hexene copolymer, an ethyl- 
ene/1 -octene copolymer, an ethyleneMnyl acetate copolymer, an ethylene/acryllc acid copolymer, an ethylene/meth- 
acrylic acid copolymer or an ethylene/ethyl acrylate copolymer, a propylene resin such as a propylene homopoiymer, 
a propylene/ethylene copolymer or a propylene/ethylene/1 -butene copolymer, and a 1 -butene resin such as a 1 -butene 
homopoiymer, a 1-butene/ethylene copolymer or a 1-butene/propylene copolymer. 

[0048] Further, the polyamide resin may, for example, be a polymer of a lactam such as butyrolactam, 6-vaIerolactam , 
8-caprolactam, enantholactam or w-lauryllactam, a polymer of an amino acid such as 6-amino caprolc acid, 7-amino 
heptanoic acid, 8-amino octanoic acid. 9-amino nonanoic acid, 11 -amino undecanoic acid or 12-amlno dodecanolc 
acid, a polycondensate of a diamine, such as an aliphatic diamine such as 1 ,4-butane diamine. 1 ,5-pentane diamine, 
1 ,5-hexane diamine, 1 ,6-hexane diamine, 1 .9-nonane diamine, 1 ,11 -undeca diamine, 1 ,12-dodecane diamine or a, a>- 
diamlnopolypropylene glycol, an allcycllc diamine such as 1 ,3- or 1 ,4-bls(amlnomethyl)cyclohexane or bls(p-aminoc- 
yclohexylmethane), or an aromatic diamine such as m- or p-xylylene diamine, with a dicarboxylic acid, such as an 
aliphatic dicarboxylic acid such as glutaric acid, adipic acid, suberic acid, sebacic acid or dodecanoic diacid, an allcyclic 
dicarboxylic acid such as cyclohexane dicarboxylic acid, or an aromatic dicariDoxylic acid such as terephthalic acid or 
isophthalic acid, or a copolymer thereof. Specifically, for example, nylon 4, nylon 6. nylon 7, nylon 8, nylon 9. nylon 1 1 . 
nylon 12, nylon 66, nylon 69, nylon 610, nylon 611 , nylon 612, nylon 6T, nylon 61, nylon MXD6, nylon 6/66, nylon 6/610, 
nylon 6/12, nylon 6/6T or nylon 61/6T may be mentioned. 

[0049] In the present invention, the above crystalline thermoplastic resin may be incorporated to the polyester resin 
by a common method such as a method of directly adding and melt mixing or a method of adding and melt mixing as 
a master batch the above crystalline thennoplastic resin to the above polyester resin so that its content becomes within 
the above-mentioned range. Othenwise, a method may be employed wherein the above crystalline thermoplastic resin 
is directly added as a powder at a production stage of the above polyester resin, for example, at any stage of e.g. 
during the melt polycondensation (the starting materials, slurry, catalyst, etc.), immediately after the melt'polyconden- 
sation, Immediately after the preliminary crystallization, during the solid phase polycondensation or Immediately after 
the solid phase polycondensation. or during a period after the production stage until the molding stage, or a liquid such 
as water having the powder dispersed therein, is contacted with the polyester resin chips, a gas such as air having the 
powder included, is contacted with the polyester resin chips, or the polyester resin chips are contacted to a component 
made of the crystalline thennoplastic resin under a flowing condition, followed by melt kneading. Among-the latter 
methods, a method is preferred In which the crystalline thenmoplastic resin is incorporated to air for pneumatic trans- 
portation at the time of pneumatic transportation to a preliminary crystallization machine or at the time of pneumatic 
transportation to a solid polycondensation tank, of chips of the polyester resin after the melt polycondensation, or at 
the time of pneumatic transportation to a storage tank or at the time of pneumatic transportation to a molding machine, 
of chips after the solid phase polycondensation. 

[0050] Further, in the present invention, the polyester resin may contain, for example, an ultraviolet absorber of e.g. 
a benzophenone type such as 2,4-dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4-octoxy- 
benzophenone. 2-hydroxy-4-dodecyloxybenzophenone. 2,2'-dihydroxy-4-methoxybenzophenone or 2,2'-dihydroxy- 
4 4'-dimethoxybenzophenone. a benzotriazole type such as 2-(2'-hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hy- 
droxy-5'-butylphenyl)benzotriazole. 2- (2'-hydroxy-5'-t-octylpheny I) benzotriazole, 2-(2'-hydroxy-3',5'-di-t-butylphenyl) 
benzotriazole, 2-(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole, 2-(2'-hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlo- 
robenzotriazole or 2-(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole, a salicylate type such as phenyl sali- 
cylate, p-t-butylphenyl salicylate or p-octylphenyl salicylate, or a cyanoacrylate type such as 2-ethylhexyl-2-cyano-3.3'- 
diphenylacryalte. and an antioxidant, a photostabilizer. an antistatic agent, a lubricant, a blocking preventive agent, an 
antifogging agent, a nucleating agent, a plasticizer, a colorant, a filler, etc. 

[0051 ] The polyester resin of the present invention may, for example, be molded into a preform by injection molding, 
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10 



15 



followed bv stretch blow molding, or molded into a parison by extrusion, followed by blow molding, to obtain a bottle 
Tackaq nXerage Among them, it is particularly suitable for molding the preform obtained by r^^^^^^^^^^^^ 

invention is by no means restricted by the following Examples. 



EXAMPLE 1 



20 



25 



wertoroltM system wash.M8dlfom2MC^^^ 

Content of copolymerlzabie co mponent 

45 Contents of metal atoms 

rop*ES%!S" ".0^^^^ j,jOBINYVONOOMIVmY),wf"="P"'«»"'*™»""'l«"'"»'°'"«' 

polyester resin was calculated. 



30 



35 



50 



55 



Intrinsic viscosity ([-n]) 



rooBQi 0 250 of a freeze-pulverlzed resin sample was dissolved at a concentration (c) of 1 .0 g/d€ in a mixed solvent 
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viscosity ("n sp) obtained from this relative viscosity (ti rel)-1 , to the concentration (e). was obtained. In'a similar manner, 
the corresponding ratios (ri sp/c) were obtained when the concentration (c) was changed to 0.5 g/d€, 0.2 g/de and 0.1 
g/d^ , respectively. From these values, a ratio (ii sp/c) when the concentration (c) was extrapolated to be 0, was obtained 
as the intrinsic viscosity [t]] (de/g). 

Color tone 

[0060] A resin sample was filled into a cylindrical powder colorimetric cell having an inner diameter of 36 mm and a 
depth of 15mmto be flush, and by means of acolorimetriccolordffferencemeter^ND-300A^manufacturedby NIPPON 
DENSHOKU INDUSTRIES CO., LTD.), color coordinate b of the Hunter's color difference formula in the Lab color 
system as disclosed In Reference 1 of JIS Z8730, was obtained as a simple average value of values rrieasured at four 
positions by rotating the cell every 90** by a reflection method. 

Cyclic trimer content (CT) 

[0061] 4.0 mg of a resin sample was accurately weighted and dissolved in 2 me of a mixed solvent of chlorofomV 
hexaf luoroisopropanol (volume ratio: 3/2), and then further diluted by an addition of 20 m€ of chloroform. Then, 1 0 mf 
of methanol was added thereto for repreclpitation, followed by filtration to obtain a filtrate, which was evaporated to 
dryness. Then, the residue was dissolved in 25 me of dimethylf omnamide. The amount of a cyclic trimer (cyclotriethylene 
terephthalate) in this solution was quantitatively analyzed by liquid chromatography ("LC-1 OA", manufactured by Shi- 
madzu Corporation). 

[0062] Then, the obtained resin was dried at 160»C for at least 16 hours in a vacuum dryer (''DP-41 model", manu- 
factured by YAMATO CHEMICAL INDUSTRY CO.,LTD). Then, by an injection molding machine ("M-70Ail-DM". man- 
ufactured by IWIell^i Co., Ltd.), a stepped molded plate having the shape as shown in Fig. 1 and having a size of 50 mm 
X 100 mm and thicknesses of six steps ranging from 6 mm to 3.5 mm in a transverse direction with each step being 
0.5 mm, was injection-molded at a cylinder temperature of 2B0«C under a back pressure of 5 x 10^ Pa at an injection 
rate of 40 cc/sec under a dwell pressure of 35 x lO^ Pa at a mold temperature of 25»C and with a molding cycle of 
about 75 seconds. Further, in Fig. 1 , G indicates a gate portion. 

[0063] With respect to the molded plate thus obtained, the absorbance at a wavelength of 395 nm and 500 nm, and 
the temperature-rising crystallization temperature (Tc) were measured by the following methods, and the results are 
shown In Table 1. 

Absoibance 

[0064] The portion having a thickness of 3.5 mm (portion A + B in Fig. 1) in the molded plate, was measured by 
means of a ultraviolet visible light spectrophotometer ("UV-2400", manufactured by Shimadzu Corporation) at a scan- 
ning speed adjusted to be a low speed mode (127 nm/min within a wavelength range of from 300 to 800 nm with a slit 
width of 5 nm at a sampling pitch of 0.5 nm by a transmission mode, whereby the differences from the absorbance at 
a wavelength of BOO nm, of the absorbances at wavelengths of 395 nm and 500 nm. were obtained. 

Temperature-rising crystallization temperature (Tc) 

[0065] The forward end portion (portion A in Fig. 1) having a thickness of 3.5 mm in the molded plate, was cut out 
and dried at 40''C for 3 days by a vacuum dryer, whereupon a sample cut out from the non-surface portion was used, 
and about 1 0 mg thereof was accurately weighed and sealed in by means of an aluminum oven pan and a pan cover 
(normal pressure type, "P/N SSC000E030" and "P/N SSC000E032". manufactured by Seiko DenshI K.K.), By means 
of a differential scanning calorimeter ("DSC220C", manufactured by Seiko K.K.). the sample was heated from ao-C to 
285*»C at a rate of 20°C/min in a nitrogen stream, and the crystallization peak temperature observed during the tem- 
perature rise, was measured. 

[0066] Separately, the obtained polyester resin chips were dried at 1 30°C for 1 0 hours by a vacuum dryer. Then, by 
an injection molding machine ("FE-80S", manufactured by Nissei Plastic Industrial Co.. Ltd.), a prefomi of a test tube 
shape having an outer diameter of 29.0 mm, a height of 165 mm. an average wall thickness of 3.7 mm and a weight 
of 60g, was injection-molded at a cylinder temperature of 280'C under a back pressure of 5 X 10^ Pa at an injection 
rate of 45 cc/sec under a dwell pressure of 30 x 1 QS Pa at a mold temperature of 20°C with a molding cycle of about 
40 seconds. 

[0067] Such preforms were heated for 70 seconds in a near infrared ray irradiation furnace equipped with a quartz 
heater, then left at room temperature for 25 seconds and then introduced into a blow mold set at 1 BO'^C and subjected 
to blow molding under a blow pressure of about 7 x 10^ Pa for one second and then under a blow pressure of about 
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30 X 1 05 Pa for 40 seconds for heat setting, while stretching il In the height direction by a stretching rod, followed by 
cooling in air to obtain 500 bottles having an outer diameter of about 95 mm, a height of about 305 mm. an average 
wail thickness of the body portion of about 0.37 mm, a weight of about 60g and an Internal capacity of about 1 5€ Wrth 
respect to the obtained 498th to 500th bottles, the aroma-retention property was measured and evaluated by the 
5 following method, and the results are shown in Table 1 . 

Aroma-retention property 

[0068] In a bottle, a 1 00% orange juice was filled In a hot state, tightly sealed with a cap and stored at 1 0"C for one 
10 month whereupon the cap was removed, and the aroma was subjected to a sensory test by companng it wrth a case 
where the orange Juice was stored under the same conditions in a glass bottle, whereby evaluation was made under 
the following standards. 

O' there was no difference In aroma from the glass bottle, and the aroma-retention property was good. 
15 A- the aroma was weak as compared with the glass bottle, and the aroma-retention property was slightly poor 
x-.theaioma was extremelyweak as compared with the glass bottle, and the aroma-retentionpropertywaslnfenor. 

[0069] Further with respect to the obtained 491st to 500th bottles, the surface appearance of the body portion of 
each bottle was visually observed and evaluated under the following standards, to evaluate the moid contamination. 
20 and the results are shown in Table 1 . 

® • the surface was smooth, and no mold contamination was observed. 

Q the surface smoothness was slightly inferior, and accordingly, the mold contamination was slightly observed 
but was not practically problematic. . . 

25 x; the surface was roughened, deposition of foreign matters was obsewed. and the mold contammation was 
substantial. 

EXAMPLES 2 to 6 

30 roOTOl The operation was carried out in the same manner as in Example 1 except that the amounts of ethyl acid 
phosphate, magnesium acetate and tetra-n-butoxy titanium at the time of the melt polycondensation were changed as 
shown In Table 1 . and then results are shown in Table 1 . 



EXAMPLE 7 



33 



[0071] The operation was carried out in the same manner as in Example 2 except that the solid phase polyconden- 
sation polyester resin obtained in Example 2 was further subjected to water treatment by immersing it in hot water of 
90°C for two hours, and the results are shown in Table 1 . 



40 EXAMPLE 8 



45 



[00721 The operation was carried out In the same manner as in Example 7 except that the polyester resin obtained 
in Example 7 was used, and a low density polyethylene was added at the time of the injection molding of the stepped 
molding plate and at the time of the injection molding of the prefonm, and the results are shown in Table 1 . 



COMPARATIVE EXAMPLE 1 



[0073] The operation was carried out in the same manner as in Example 1 except that at the time of the melt poly- 
condensation. ethyl acid phosphate, magnesium acetate and antimony trioxide were sequentially added in their eth- 
50 yiene glycol solutions, respectwely, with intervals of 5 minutes, and the respective amounts were adjusted as shown 
in Table 1 . and the results are shown in Table 1 . 

COMPARATIVE EXAMPLE 2 

55 [00741 The operation was carried out in the same manner as in Example 1 except that at the time of the melt poly- 
condensation. orthophosphoric acid and gemianium dioxide were sequentially added in their ethylene glycol solutions, 
respectively, with intervals of 5 minutes, and the respective amounts were adjusted as shown in Table 1 , and the results 
are shown in Table 1 . 
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COMPARATIVE EXAMPLE 3 

[00751 The operation was carried out In the same manner as In Comparative Example 2 except that the amount of 
germanium dioxide was changed, and the obtained solid phase polycondensation polyester resin was further subjected 
to water treatment by dipping it In hot water at 90*'C for 4 hours, and the results are shown In Table 1 . 

COMPARATIVE EXAMPLE 4 

[00761 The operation was carried out in the same manner as In Example 1 except that at the time of the melt poly- 
condensation tetra-n-butoxy titanium, magnesium acetate and ethyl acid phosphate were sequentially added in their 
ethylene glycol solutions, respectively, with intervals of 5 minutes, and the respective amounts were adjusted as shown 
in Table 1 . and the results are shown in Table 1 . 
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EXAMPLE 9 

50 

[0077] Using a continuous poiymerlzation apparatus comprising a slurry preparation tanl<, esterification reactors of 
two stages connected in series thereto and melt polycondensation tanks of three stages connected In series to the 

second stage esterification reactor, terephthalic acid and ethylene glycol were continuously supplied in a weight ratio 
of 865:485 to the slurry preparation tank, and a 0.3 wt% ethylene glycol solution of ethyl acid phosphate, was contin- 
55 uously added in such an amount that the content as phosphorus atoms (P) per 1 ton of the fomned polyester resin 
would be 0.194 mol, followed by stirring and mixing to obtain a slurry. This slurry was transferred to the first stage 
esterification reactor set for an average retention time of 4 hours in a nitrogen atmosphere at 260'C under a relative 
pressure of 50 kPa (0.5 kg/cm2G) and then to the second stage esterification reactor set for an average retention time 



Patent provided by Sughrue^^ion, PLLC ■ http://www.sughrue.com 



EP1 273 610A1 

of 1 5 hours in a nitrogen atmosphere at 260°C under a relative pressure of 5 kPa (0.05 kg/cro2G), to carry out the 
esterification reaction. At that time, the average esterlflcatton ratio as measured by the following method, was 85 /« In 
the first stage and 95% in the second stage. 

Average esterification ratio 

100781 With respect to a solution having a sample dissolved at a concentration of 3 wt% In a mixed solvent of deu- 
terated chloroform/hexafluoroisopropanol (weight ratio: 7/3), 1 H-NMR was measured by a nuclear magnefic resonance 
aDoatatus rJNM-EX270 model", manufactured by NIhon Denshi K.K.). and each peak was identified. The amount of 
temilnal carboxyl groups (A mol/toh sample) was calculated from the integral value of the peak, and by the following 
formula, the esterification ratio (E%) was calculated as a proportion of the esterified among all cdrboxyl groups of 
terephthalic acid units. 

Esterfficallon ratio (E) = [1-A/{{1 .000.000/1 92.2) X 
2}) X 100 

r0O791 Further, at that time, via an upper pipe provided at the second stage, a 0.6 wt% ethylene glycol solution of 
magnesium acetate tetrahydrate was continuously added In such an amount that the content as magnesium atoms 
(Mq) perl ton of the fomied polyester resin would be 0.247 mol. ^ u . 

00801 Continuously, at the time of transporting the esterification reaction product obtained as descnbed above to 
the melt polycondensation tank, tetrabutyl titanate in the torn of an ethylene glycol solution having a concentration of 
titanium atoms of 0 1 5 wt% and a water concentration of 0.5 wt%. was continuously added to the esterlfteation reaction 
product in the transportation pipe in such an amount that the content as titanium atoms (Ti) per 1 ton of the fomried 
Dolvester resin would be 0.063 mol. and the esterification reaction product was continuously transferred to the first 
stage melt polycondensation tank set at 270-C under an absolute pressure of 2.6 kPa (20 Toit). then to the second 
stage melt polycondensation tank set at 278°C under an absolute pressure of 0,5 kPa (4 Torr) and then to the third 
staqe melt polycondensation tank set at 2B0°C under an absolute pressure of 0.3 kPa (2 Torr), to carry out the melt 
polycondensation for a total of 3.17 hours by adjusting the retention times in the respective polycondensation tanks 
so that the intrinsic viscosity M of the obtained polyester resin would be 0.56 de/g whereupon the P^duct s witf.^ 
drawn in the form of a strand from a discharge outlet provided at the bottom of the polycondensation tank, cooled with 
water and then cut by a cutter to obtain a polyester resin In the fomi of chips. 

r0081l Then the polyester resin chips obtained as described above were continuously supplied for crystallization to 
an agitation crystallization machine held at about 1 60»C in a nitrogen atmosphere so that the retention time would be 
about 60 minutes and then continuously supplied to a tower type solid polycondensation apparatus and heated at 
205'C in a nitrogen atmosphere for 19 hours for solid phase polycondensation by adjusting the retention time so that 
the intrinsic viscosity (M of the obtained polyester resin would be 0.75 d€/g. The intrinsic viscosity ttt|,]) of the above 
melt polycondensate resin and the intrinsic viscosity ([nzl) of the solid polycondensate resin, were measured by the 

foS""^ F^rthe^r^^^^ rate (V,) as a value obtained by dividing the intrinsic viscosity ([ti,!) of the 

above melt polycondensate resin by the melt polycondensation time, the solid phase polycondensation rate (Vg) as a 
value obtained by dividing the difference (hzMn,]) between the above intrinsic viscosity ([1,2]) of the above solid po y- 
condensate resin and the intrinsic viscosity M of the above melt polycondensate resin, by the solid phase poly- 
condensation time, and the ratio (VgA/,) of the solid phase polycondensation rate (Vg) to the melt polycondensation 
rate (V.) were calculated, respectively, and the results are shown in Table 2. 

100831 Further with respect to the obtained solid phase polycondensate resin chips, the contents of titanium atoms 
Ti) magnesium' atoms (Mg) and phosphorus atoms (P) of the titanium component, the magnesium component and 
the phosphorus component, respectively, per 1 ton of the resin, were measured by the above-mentioned methods. 

and the results are shown in Table 2. ^ , . j . , 

r00841 Further with respect to the obtained solid phase polycondensate resin chips, the copolymenzed amount of 
diethylene glycol, the cyclic trimer content (CT) and the cotor coordinate value b as the color tone, were measured by 
the above-i;entionedmethods,andtheacetaldehydecontent(AAi) was measured by thefollowing method. The results 

are shown in Table 2. 



Acetaldehyde content (AA i) 

[0085] 5.0g of a resin sample was accurately weighed and sealed in together with 10 m€ of pure water in a micro 
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bomb having an internal capacity of 50 mC under sealing with nitrogen, whereupon heat extraction was carried out at 
leO'^C for 2 hours. The amount of acetaldehyde in the extracted solution was quantitatively analyzed by gas chroma- 
tography ("GC-14A", manufactured by Shimadzu Corporation) using Isobutyl alcohol as the internal standard. 
[0086] Then, the obtained resin was dried at 160°C for 4 hours in a nitrogen stream of 40 e/min in an inert oven 
("IPHH-201 model", manufactured by ESPEC COMPANY), and then, by an injection molding machine {"M-70Ali-DM", 
manufactured by Meiki Co.. Ltd.), a stepped molded plate having a shape shown In Fig. 1 , was Injection-molded at a 
cylinder temperature of 2B0°C under a back pressure of 5 x 105 Pa at an injection rate of 40 cc/sec under a dwell 
pressure of 35 x tos Pa at a mold temperature of 25°C with a molding cycle of about 75 seconds. 
[0087] With respect to the molded plate, the absorbances at wavelengths of 395 nm and 500 nnn were measured by 
the above-mentioned method, and further, the. acetaldehyde content (AAg) and the haze, were measured by the fol- 
lowing methods. The results are shown In Table 2. 

Acetaldehyde content (AA9) 

[0088] Using samples cut out In the form of chips of about 4 x 4 mm from the rear end portion having a thickness 
of 3.5 mm (portion B in Fig. 1) In the molded plate, the measurement was earned out by the same method as descnbed 
above. 

Haze 

r00891 With respect to the portion having a thickness of 5.0 mm (portion C In Fig. 1) in the molded plate, the haze 
was measured by means of a haze meter ("NDH-300A". manufactured by NIPPON DENSHOKU INDUSTRIES CO., 

mm Separately, the obtained polyester resin chips were dried at 1 30^C for 1 0 hours in a vacuum dryer Then, by 
an injection molding machine ("FE-BOS", manufactured by Nissei Plastic Industrial Co., Ltd.). a prefomi of a test tube 
shape having an outer diameter of 29.0 mm, a height of 165 mm, an average wall thickness of 3.7 mm and a weight 
of about 60g. was injection-molded at a cylinder temperature of 2B0''C under a back pressure of 5 x 10^ Pa at an 
Injection rate of 45 cc/sec under a dwell pressure of 30 x 105 pa at a mold temperature of 20°C with a molding cycle 
of about 40 seconds. • ^ -^u 

[0091] The obtained preform was heated for 70 seconds in a near infrared ray irradiation fumace equipped with a 
quartz heater and then left to stand at room temperature for 25 seconds. Then, it was Introduced Into a blow mold set 
at 1 30°C and blow-molded under a blow pressure of 7 x 1 os Pa for one second and further under a blow pressure of 
30 X 1 05 Pa for 5 seconds, while stretching in the height direction by an stretching rod. heat-set and cooled In air to 
mold a bottle having an outer diameter of about 95 mm. a height of about 305 mm. an average wall thickness of the 
body portion of about 0.35 mm, a weight of about 60g and an internal capacity of about 1 .5€. 
[0092] With respect to the obtained bottle, the aroma-retention property and the mold contamination were measured 
and evaluated by the above-mentioned methods, and further, the acetaldehyde odor was evaluated by the following 
method. The results are shown In Table 2. 

Acetaldehyde odor of the bottle 

[0093] The bottle was heated in an oven at 50°C for one hour, whereupon the acetaldehyde odor was examined by 
a sensory test and evaluated by five stages ranging from 5 (acetaldehyde odor very little) to 1 (acetaldehyde odor 
assails ones nostrils). 

EXAMPLES 10 to 23, and COMPARATIVE EXAMPLES 5 to 7 

[0094] Polyester resin chips were prepared in the same manner as in Example 9 except that the copolymerizable 
componentand its amount, theamounts and orderforaddition of thephosphoruscompound.themagnesiumcompound 

and the titanium compound, the concentration of titanium atoms .and the water concentration in the ethylene glycol 
solution of the titanium compound, and the melt polycondensation time and the solid phase polycondensatlon time, 
were changed as identified in Table 2, and evaluated in the same manner The results are shown in Table 2. In Com- 
parative Example 5. phosphorous acid instead of ethyl acid phosphate, cobalt acetate tetrahydrate instead of magne- 
sium acetate tetrahydrate and titanium potassium oxalate instead of tetrabutyl titanate, were used and added in the 
order of titanium potassium oxalate, then cobalt acetate tetrahydrate and then phosphorous acid. In Comparative 
Example 7, orthophosphoric acid was used instead of ethyl acid phosphate, and the order of addition was tetrabutyl 
titanate, then magnesium acetate tetrahydrate and then orthophosphoric acid. 
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INDUSTRIAL APPLICABILITY 

[0095] According to the present invention, it is possible to provide a polyester resin, whereby a molded product 
excellent In a gas barrier property and also excellent in an ultraviolet shielding property, color tone, etc., and which is 
particularly suitable for molding a bottle for e.g. a beverage required to have an aroma-retention property and further 
to provide a polyester resin, whereby the acetaldehyde content In a molded product is reduced to eliminate an influence 
over the taste, aroma, etc. of the content, and a process for its production, whereby the polycondensability Is Improved. 



Claims 

1. A polyester resin produced by polycondensing a dicarboxylic acid component containing terephthallc acid or its 
ester-forming derivative as the main component, and a diol component containing ethylene glycol as the main 
component in the presence of (1) a compound of at least one member selected from the group consisting of titanium 
group elements In Group 4A of the periodic table, via an esteriflcatlon reaction or an ester exchange reaction, 
characterized In that the content of copolymerized components other than the terephthallc acid component and 
the ethylene glycol component, is not more than 4 mol% based on the total dicarboxylic acid component, and In 
a molded product with a thickness of 3.5 mm injection-molded at 280'C, the difference between the absorbance 
at a wavelength of 395 nm and the absorbance at a wavelength of 800 nm Is at least 0.08, and the difference 
between the absorbance at a wavelength of 500 nm and the absorbance at a wavelength of 800 nm is at most 0.05. 

2. The polyester resin according to Claim 1 , wherein the temperature-rising crystallization temperature (Tc) of the 
resin in the molded product after the Injection molding at 280°C, is from 150 to 180°C. 

3. The polyester resin according to Claim 1 or 2, wherein the resin before the injection molding Is one having an 
intrinsic viscosity ([i]]) of from 0.70 to 0.90 dl/g and a color coordinate value b of the Hunter's color difference 
fonnuta of not more than 4. 

4. The polyester resin according to any one of Claims 1 to 3, wherein the content of the compound (1) is from 0.002 
to 1 mol as the total amount (T) of atoms of the compound (1) per 1 ton of the polyester resin. 

5. The polyester resin according to Claim 4, which is one polycondensed In the coexistence of (2) a compound of at 
least one element selected from the group consisting of metal elements of Group la of the periodic table, elements 
of Group )la of the periodic table, manganese, iron and cobalt, and (3) a phosphorus compound, wherein the 
content of the compound (2) Is from 0.04 to 5 mols as the total amount (M) of atoms of the compound (2) per 1 
ton of the polyester resin, and the content of the compound (3) Is from 0.02 to 4 mols as the total amount (P) of 
atoms of the compound (3) per 1 ton of the polyester resin. 

6. The polyester resin according to Claim 5, wherein the contents of the respective compounds (1), (2) and (3) are 
from 0.02 to 0.2 mol as the total amount (T) of atoms of the compound (1 ), from 0.04 to 0.6 mol as the total amount 
(M) of atoms of the compound (2) and from 0.02 to 0.4 mol as the total amount (P) of atoms of the compound (3), 
per 1 ton of the polyester resin, the acetaldehyde content (AA^ ) is not more than 5.0 ppm, the acetaldehyde content 
(AA2) of the resin in a molded product after injection-molded at 280''C is not more than 20 ppm, and the haze of 
a molded product with a thickness of 5 mm after the Injection molding at 280''C is not more than 10%. 

7. The polyester resin according to any one of Claims 1 to 8, wherein the compound (1) is a titanium compound, the 
compound (2) is a magnesium compound, and the compound (3) is a phosphoric acid ester. 

8. The polyester resin according to any one of Claims 1 to 7, wherein, as a dicartsoxylic acid component, from 0.1 to 
3 mol% of isophthalic acid or its ester-forming derivative based on the total dicartDoxylic acid component, and as 
a diol component, from 1 to 3 mol% of diethylene glycol based on the total diol component, are copolymerized, 
respectively. 

9. A process for producing a polyester resin, which comprises polycondensing a dicartDoxylic acid component con- 
taining terephthalic acid or its ester-forming derivative as the main component, and a diol component containing 
ethylene glycol as the main component in the presence of (1) a compound of at least one member selected from 
the group consisting of titanium group elements in Group 4A of the periodic table, (2) a compound of at least one 
element selected from the group consisting of metal elements of Group la of the periodic table, elements of Group 
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lla of theperiodic table, manganese, iron and cobalt, and (3) a phosphorus compound, via an ester,f,cat.on reactton 
or an ester exchange reaction, characterized in that the amounts of the respective compounds (1). (2) and (3) 
are such amounts that their contents will be from 0.02 to 0.2 mol as the total amount (T) of atoms of the cornpound 
(1). from 0.04 to 0.6 mol as the total amount (M) of atoms of the compound (2) and from 0.02 to 0.4 mol as the 
5 . total amount (P) of atoms of the compound (3), per 1 ton of the polyester resin. 

1 0 The process for producing a polyester resin according to Claim 9. wherein the ratio (PfT) of the total amount (P) 
of atoms of the compound (3) to the total amount (T) of atoms of the compound (1). is from 0.1 to 10. 

to 11 The process for producing a polyester resin according to Claim 9 or 1 0, wherein the ratio (WT) of the total amount 
(M) of atoms of the compound (2) to the total amount CO of atoms of the compound (1). is from 0.1 to 10. 

12 The process for producing a polyester resin according to any one of Claims 9 to 1 1 . wherein the order for addition 
of the respective compounds (1). (2) and (3) to the reaction system is (3). then (2) and then (1). 

" 13 The process for producing a polyester resin according to any one of Claims 9 to 12, wherein the compound (1) is 
, titanium compound, the compound (2) is a magnesium compound, and the compound (3) is a phosphonc aad 



at 
ester. 



20 14. The process for producing a polyester resin according to Claim 13. wherein the titanium compound is added to 
the reaction system in the fomi of an ethylene glycol solution having a titanium atom concentration of from 0.01 
to 0.3 wt% and a water concentration of from 0.1 to 1 wt%. 

15 The process for producing a polyester resin according to any one of Claims 9 to 14. wherein from 0.1 to 3 moi% 
25 of Isophthalic acid or its ester-fomiing derivative is used based on the total dicarboxyiic acid component. 
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SOPHTHALIC ACID GLYCOL ESTER SOLUTION 



FTKLD OF THF. TNVENTION 

This invention relates to a process for producing a substantially soluble 
isophthalic acid in glycol solution, to a process for using the solution in 
5 manufacturing a copolymer having repeat units derived ftom a carbonyl 
compound, isophthalic acid, and glycol, and to a process for producing the 
copolymer in the presence of a phosphorus compound. 

RArKrTROT]ND OF THF. TNVENTION 

Lo Polyesters are widely used to manufacture textile fibers and bottte resins. 

The largest volume polyester is polyethylene terephthalate (PET). Polypropylene 
terephthalate and polybutylene terephthalate are gaining importance. Polyester 
can be manufactured by combining a glycol such as ethylene glycol and a 
carbonyl compound such as dimethyl terephthalate (DMT) or terephthaUc acid 

15 (TPA). 

For example, DMT reacts with glycol to form bis-glycolate ester of 
terephthalate ("monomer") in the ester exchanger column. The monomer is 
polymerized by condensation reactions in one or two prepolymerizers and then a 
final polymerizer or finisher. TPA can be combined with a glycol to form a slurry 
20 at 60 to 80°C followed by injecting the slurry into an esterifier. Linear oligomer 
with degree of polymerization less than 10 is formed in one or two esterifiers^t 
temperatures from 240°C to 290°C. The oligomer is then polymerized in one or 
two prepolymerizers and then in a fmal polymerizer or finisher at temperatures 
from250°Cto300°C. 
2 5 Additives such as catalysts, stabilizers, delusterants, and toners are often 

added to the DMT process before the ester exchanger, in the exchanger, or in the 
monomer before the prepolymerizer, or to the TPA slurry before the esterifier, in 
the esterifier, or in the oligomer before the prepolymerizer. Commercial polyester 
processes commonly use amimony compounds as polycondensation catalyst and 
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phosphorous compounds as stabilizers. See generally. Encyclopedia of Chemical 
Technology, 4* edition, John Wiley, New York, 1994, Volume 10, pages 662-685 
and Volume 1 9, pages 609-653 . 

Many commercial processes have one common esterification process or 
5 one common ester exchange process, which supplies oUgomer or monomer to 
several continuous polymerization (CP) processes. Some of the CP processes 
produce polyester for fibers, while other CP processes produce polyester for 
packaging materials or other products. Different polyester products require 
different additives. In the case where one esterification process or one ester 
0 exchange process supplies several CP processes, most additives are added to the 
oligonier or monomer before the prepolymerizer. 

Polyesters are sometimes modified with addition of a co-monomer such as 
isophthalic acid (IPA). For example, PET for bottle resin contains 1 to 5% IPA 
and 99 to 95% TPA by mole. A few PET fibers such as low-melt binders contain 
L5 10% to 45% IPA. and 90% to 55% TPA by mole, most PET for textile fiber does 
not contain IPA. Common practice in PET production is to have one common 
esterification process or ester exchange process to supply oligomer or monomer to 
two or more CP processes for different products, where some products need co- 
monomer and some do not. Currently two approaches are practiced for the 
2 0 addition of IPA co-monomer to PET. 

One approach is to build a separate continuous esterification process to 
produce IPA oligomer at 240°C to 290"C. which is injected to TPA oUgomer- 
process or DMT monomer process which is to be used for packaging materials or 
fibers that require IPA. The injection temperature is normally higher than 240°C 
25 to avoid solidifying of IPA oligomer. In this approach, IPA goes to the products 
where it is needed. However, the separate esterification process for IPA oligomer 
is complicated and expensive. 

Another approach is to add IPA slurry to TPA slurry or esterifier of the 
common esterification process. IPA slurry is generally produced by suspending 



2 
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10 



IPA powder or particles in a glycol at eO'C to 80°C. In this approach, the IPA 
goes to all the products whether it is desired or undesired. 

Japanese Patent No. 11 1 58260 discloses adding IPA slurry and ethylene 
glycol to TPA oUgomer line to make copolymer. A sufficiently high flow rate of 
IPA slurry is required to avoid setding in the piping or injection nozzle and 
consequently shutting down the process. Japanese Patent No. 1 1209465 discloses 
adding a phosphorus compound to the IPA in ethylene glycol slurry and (PET) 
oligomer. 

Therefore, there is an increasing need to develop a process for producing a 
substantially soluble IPA in glycol solution, which is less expensive and more 
flexible to operate than the known processes in manufacturing copolymer 
containing TPA and EPA. 

ST TMM ARY OF THR INVENTION 

A substantially soluble solution comprises isophtiialic acid in a first 

15 glycol. 

A process for producing a substantially soluble isophthalic acid in a first 
glycol solution comprises combhiing ttie isophthalic acid with tiie first glycol 
under an effective condition sufficient to substantially esterify die carboxyl group 
of die isophtiialic acid vnih the glycol. 

A process comprises contacting, optionally in tiie presence of a 
phosphorus compound and/or a catalyst, eitiier (a) an isophthalic acid or 
substantially soluble isophtiiaUc acid in a first glycol witii a polymerization 
mixture comprising a carbonyl compound and a second glycol or (b) an 
isophthalic acid or substantially soluble isophtiialic acid in a first glycol with an 
oligomer derived from a carbonyl compound and a second glycol under a 
condition effective to produce a copolymer comprising repeat units derived fi:om 
the carbonyl compound or its ester, isophtiialic acid and the fust and/or second 
glycol. 



20 



25 



3 



Patent provided by Sughrue Mion, PLLC ■ http:«www.sughrue.< 



wo 02/070451 



PCTAJS02/04548 



DETAILED DESCRIPTION OF THE INVENTION 

The term "substantially" refers to more than trivial and "substantially 
soluble" can mean that the concentration of insoluble isophthalic acid (IP A) in 
glycol is lower than 5 g, preferably lower than 2 g, and most preferably lower than 
1 g per 1 00 g of glycol The weight % of IPA in the solution can be in the range of 
from about 5% to about 75%, preferably about 5% to about 60%, more preferably 
10% to 40 %, and most preferably 20% to 35 %, based on the total weight 
equaling 100%. A substantially soluble IPA in glycol solution generally remains 
soluble, without forming dispersion or gels, at room temperature (about 25**C). 

The preferred first glycol can have 1 to about 10, preferably 1 to about 8, 
and most preferably 1 to 4 carbon atoms per molecule such as, for example, an 
alkylene glycol, a polyalkylene glycol, alkoxylated glycol, or combinations 
thereof. Examples of suitable glycols include, but are not limited to ethylene 
glycol, propylene glycol, isopropyleiie glycol, butylene glycol, 1 -methyl 
propylene glycol, pentylene glycol, diethylene glycol, triethylene glycol, 
polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol and 
combinations of two or more thereof The most preferred glycol is ethylene 
glycol for it can be used in the production of a PET copolymer. 

The process of the invention can be carried out by combining IPA with a 
glycol to form a slurry in any suitable vessel, container, or reactor. The slurry can 
be heated under any suitable condition effective to esterify about 50% to about 
100%, preferably about 70% to about 98%, more preferably about 75% to about 
95%, and most preferably 80% to 95% of the carboxyl groups in IPA, all mole %. 
A suitable condition can include a temperature in the range of from about 100**C 
to about 250°C, preferably about 140°C to 220^C, and most preferably 160**C to 
190°C; a pressure that can accommodate the temperature range; and a period 
sufficient to substantially solubilize IPA in the glycol, generally about 1 minute to 
about 5 days, preferably about 10 minutes to about 2 days, and most preferably 
about 30 minutes to about 4 hours. 

4 
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Wishing not to be bound by theory, it is believed that during the heating, 
the carboxyl groups in IPA are partially esterified by glycol, which is completely 
or substantially dissolved in glycol. This completely dissolved IPA solution can 
solidify or become gel when the solution is cooled. 
5 When heated, one or two carboxyl groups of the IPA molecule can be 

esterified. In some cases, none is esterified. In case of IPA in ethylene glycol, the 
substantially soluble solution can contain bis(hydroxyefliyl)isophthalate or 
dihydroxyethyl isophthalate, monoesterified IPA, unesterfied IPA, ethylene 
glycol, and water as shown below. 

XO HOOCQH,COOH + HOCH^CHiOH -* HO0CQH,CO0CH,CH,OH + H,0 
(ipy^) (EG) (monoesterified IPA) 

HOOCQH,COOCH,CH,OH + HOCH,CH,OH -> HOCH,CHpOCQH.COOCH,CH,OH + H,0 
Monoesterified IPA) (EG) (dihydroxyethyl isophthalate) 



IS 



Dimers, trimers. and tetramers of esterified IPA can also form as the 
reactions continue. For example, bis(hydroxyetiiyl)isophthalate, 
bis(hydr6xypropyl)isophthalate, bis(hydroxybutyl)isophthalate, or combinations 
tiiereof can be formed. At the end of heating, the IPA solution can be cooled by 
io stopping the heat or cooled by any means known to one skilled in the art such as 
heat exchanger. Hie water generated can be kept in the solution, or partially or 
fully evaporated and condensed. 

It is prefened that the substantially soluble IPA solution remains clear 
when cooled to room temperature. When tiie percentage of esterified carboxyl 
25 groups is below 70% by mole, the solution may solidify or become partially 

gelled at room temperature, especially at higher original concentrations of IPA in 
glycol such as 40% to 50% (by weight) IPA. 

When the percentage of esterified carboxyl groups is higher tiian 95% by 
mole, dimer, trimer, tetramer, and oligomer may form, which are dissolved in tiie 
30 solution at high temperature but precipitate as solids in the solution at room 
temperature, which may affect fluidity of the solution. If the original 
concentration of IPA in glycbl is high such as at 40% to 50% by weight and the 
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percentage of esterified carboxyl groups is higher than 95% by mole, the solution 
may contain gels from dimer, trimer, and oligomer at room temperature, which 
may affect fluidity of the solution. Those IPA solutions that solidify or form gel at 
room temperature can become clear solution again and be injected into TPA 
5 oligomer when heated. 

The invention process can be a batch process that is simple and 
inexpensive to operate. It can also be carried out by any continuously methods 
known to one skilled in the art. 

According to the invention, a catalyst can be present in the process to 
10 facilitate the production of a substantially soluble IPA solution. Any catalyst 

known to esterify a carbonyl compound can be used. The catalyst can be a cobalt, 
antimony, manganese, or zinc catalyst commonly employed in the manufecture of 
polyester, description of which is omitted herein because such catalyst is well- 
known to one skilled in the art. The catalyst composition also can comprise a 
15 titanium compound. 

A preferred antimony compound can be any antimony compound that is 
substantially soluble in a solvent disclosed above. Examples of suitable antimony 
compounds include, but are not limited to, antimony oxides, antimony acetate, 
antimony hydroxides, antimony halides, antimony sulfides, antimony 
carboxylates. antimony efliers, antimony glycolates, antimony alcoholates. 
antimony niliates, antimony sulfates, antimony phosphates, and combinations of 
two or more thereof. 

According to the invention, tiie preferred titanium compounds used in 
component are tetraalkyl titanates, also referred to as titanium 
tetrahydrocarbyloxides for ti>ey are readily available and effective. Examples of 
suitable tetraalkyl titanates include tiiose havmg tiie formula of Ti(0R)4 where 
each R is individually selected firom an alkyl. cycloalkyl, alkaryl. hydrocarbyl 
radical containing from 1 to about 30, preferably 2 to about 1 8. and most 
preferably 2 tol2 carbon atoms per radical and each R can be the same or 
different. Titanium tetrahydrocarbyloxides in which the hydrocarboxyl group 
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contains from 2 to about 12 carbon atoms per radical which is a linear or branched 
alkyl radical are most preferred because they are relatively inexpensive, more 
readily available, and effective in foraiing the solution. Suitable tetraalkyl 
titanates include, but are not limited to, titanium tetraethoxide, titanium 
5 tetrapiopoxide, titanium tetraisopropoxide, titanium tetra-n-butoxide. titanium 
tetrahexoxide, titanium tetra 2-ethylhexoxide, titanium tetraoctoxide, and 
combinations of two or more thereof. The titanium tetrahydrocarbyloxides are 
well known to one skilled in the art. See, for example, US Patent numbers 
6,066,714 and 6,166,170, the description of which is incorporated herein by 
0 reference. Examples of commercially avaUabie organic titanium compounds 

include, but are not limited to, TYZOR® TPT and TYZOR® TBT (tetra isopropyl 
titanate and tetra n-butyl titanate, respectively) available from E. I. du Pont de 
Nemours and Company, Wihnington, Delaware, U.S.A. 

A titanium-containing composition can be produced by any means known 
IS to one skilled in the art such as those disclosed in US6,066,714 and US6,166,170 
discussed above and description of which is omitted herein for the interest of 
brevity. 

The catalyst, expressed as element Co, Sb, Mn, Zn, or Ti, can be present in 
the range of about 0.001 to about 30,000 part per million by weight (ppm) of a 
2 0 combination comprising glycol and IPA. 

According to another embodiment of the invention, an esterification, 
transesterification, or polymerization process can comprise contactmg, optionally 
in the presence of a phosphorus compound and/or a catalyst, either (a) an 
isophthalic acid or substantially soluble isophthalic acid in a first glycol with a 
25 polymerization mixture comprising a carbonyl compound and a second glycol or 
(b) an isophthalic acid or substantially soluble isophthalic acid in a first glycol 
with an oligomer derived from a cari)onyl compound and a second glycol under a 
condition effective to produce a copolymer comprising repeat units derived from 
the terephthalic acid or its ester, isophthalic acid, first glycol, and second glycol. 
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The catalyst and partially esterified IPA can be the same as those disclosed 
above and the disclosures of which are incorporated here. The second glycol can 
be the same or different from the first glycol and can include those disclosed 
above for the first glycol. The presentiy preferred second glycol is ethylene glycol 
or 1,3-propanediol (propylene glycol). 

The catalyst, expressed as element Co. Sb. Mn. Zn, or Ti, can be present in 
the range of about 0.001 to about 30,000 ppm of the medium comprising the 
carbonyl compound and glycol, preferably about 0.1 to about l.OOO ppm. and 
most preferably 1 to lOOppmby weight. A cocatalyst. if present, can be in the 
range of from about 0.01 to about 1.000 ppm of the reaction medium. 

For example, a titanium catalyst, alone or with other catalyst such as 
antimony and/or cobalt can be used as polycondensation catalyst. Alternatively, a 
titanium-containing catalyst can be present in the ester exchanger to accelerate 
transesterification reaction or in the esterifier to accelerate the esterification 
reaction. Generally, titanium-containing catalyst is more active in 
polycondensation reaction than in esterification or transesterification. The proper 
level of titanimn-containing catalyst for esterification or transesterification can be 
an excess level for polycondensation. When titanium-contaming catalyst 
presented in the esterifier or ester exchanger (transesterifier) is an excess for 
polycondensation. or when polycondensation is intended with a non titamum- 
containing catalyst such as antimony, part of or all of tiie titanium catalyst is 
preferably deactivated or inhibited after esterification or transesterification with a 
phosphorus compound disclosed, above, to avoid discoloration of tiie polymer. 
The titanium-containing catalyst present in tiie polymer can cause 
s mcreased degradation and yellowness in the fixture processing. Part of or all of 
the titanium catalyst can be deactivated or inhibited after polymerization with a 
phosphorus compound disclosed below, to avoid discoloration of the polymer. 

Similarly, when manganese, zinc, cobalt, or other catalysts are used as 
esterification or transesterification catalyst and titanium-containing catalyst is 
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used as polycondensation catalyst, these catalysts can be deactivated by the 
presence of a phosphorous compound disclosed above. 

Any carbonyl compound which, when combined with a glycol, can 
produce a polyester can be used. Such carbonyl compounds include, but are not 
limited to, acids, esters, amides, acid anhydrides, acid halides, salts of carboxylic 
acid, oligomers or polymers having repeat units derived from an acid, or 
combinations of two or more thereof. The presently preferred acid is an organic 
acid such as a carboxylic acid or ester thereof. The oligomer of a carbonyl 
compound such as TPA and glycol generally has a total of about 2 to about 100, 
preferably from about 2 to about 20 repeat units derived from the carbonyl 
compound and glycol. 

The organic acid or ester thereof can have the formula of R^OzCACOz 
in which each independently can be (1) hydrogen, or (2) hydrocarbyl radical in 
which each radical has 1 to about 30, preferably about 3 to about 15 carbon atoms 
per radical which can be alkyl, alkenyl, aryl, alkaryl, aralkyl radical, or 
combinations of two or more thereof, and in which A is an alkylene group, an 
aiylene group, alkenylene group, or combinations of two or more thereof Each A 
has about 2 to about 30, preferably about 3 to about 25, more preferably about 4 to 
about 20, and most preferably 4 to 15 carbon atoms per group. Examples of 
suitable organic adds include, but are not limited to, terephthalic acid, isophthalic 
acid, napthalic acid, succinic acid, adipic acid, phthalic acid, glutaric acid, oxalic 
acid, and combinations of two or more thereof. Example? of suitable esters . 
include, but are not limited to, dimethyl adipate, dimethyl phthalate, dimethyl 
terephthalate, dimethyl glutarate, and combinations of two or more thereof. The 
preferred organic acid is terephthalic acid or its ester dimethyl terephthalate 
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The molar ratio of the glycol (including first glycol and second glycol) to 
carbonyl compound can be any ratio so long as the ratio can effect the production 
of an ester or polyester. Generally the ratio can be in the range of fi?om about 1 : 1 
to about 10:1, preferably about 1:1 to about 5:1, and most preferably 1:1 to 4:1. 

The invention process can also be carried out in any suitable means using 
any of the conventional melt or solid state techniques and m flie presence or 
absence of a toner compound to reduce the color of a polyester produced. 
Example of toner compounds include, but are not limit to, cobalt aluminate, cobalt 
acetate, Carbazole violet (commercially available from Hoechst-Celanese, 
Coventry, Rhode Island, U.S.A., or from Sun Chemical Coxp, Cincmnati, Ohio, 
U.S.A.), Estofil Blue S-RLS® and Solvent Blue 45™ (from Sandoz Chemicals, 
Charlotte, North CaroHna, U.S.A), CuPc Blue (from Sun Chemical Corp, 
Cincinnati, Ohio, U.S.A.). These toner compounds are well known to one skilled 
in the art and the description of which is omitted herein. The toner compound can 
be used with the catalyst disclosed herein in the amount of about 0. 1 ppm to 1000 
ppm, preferably about 1 ppm to about 100 ppm. based on the weight of polyester 
produced. 

The invention process can also be carried out using any of the 
conventional melt or solid state techniques and in the presence or absence of an 
optical brightening compound to reduce the yellowness of the polyester produced. 
Example of optical brightening compounds include, but are not limit to, 7- 
naphthotriazinyl-3-phenylcoumarin (commercial name "Leucopure EGM", fipm 
Sandoz Chemicals, Charlotte. North Carolina, U.S.A.). 4.4'-bis(2-benzoxazolyl) 
stilbene (commercial name "Eastobrite", from Eastman Chemical, Kingsport. 
Tennessee, U.S.A.). These optical brightening compounds are weU known to one 
skilled in the art and the description of which is omitted herem. The optical 
brightening compound can be used with the catalyst disclosed herein in the 
amount of about 0.1 ppm to 10000 ppm, preferably about 1 ppm to about 1000 
ppm, based on the weight of polyester produced. 



10 



Patent provided by Sughrue Mion, PLLC • http:Hwww.sughrue.com 



wo 02/070451 



PCT/US02/04548 



The oligomer of a carbonyl compound such as terephthalic acid can be 
produced by contacting terephthalic acid, its ester, or combinations thereof with a 
second glycol under an esterification, transesterification, or polymerization 
conditions well known to one skilled in the art to produce a total of about 2 to 
5 about 100, preferably from about 2 to about 20 repeat units derived from the 
terephthalic acid and glycol. 

A suitable condition to effect the production of a polyester can include a 
temperature in the range of from about 150X to about 500»C, preferably about 
200°C to about 400°C, and most preferably 250°C to 300»C under a pressure in 
10 the range of from about 0.001 to about 1 atmosphere (0.1 to 101 .3 kPa) for a time 
period of from about 0.2 to about 20, preferably about 0.3 to about 15, and most 
preferably 0.5 to 10 hours. 

The quantity of the IPA or partially esterified IPA solution can be any 
desired quantity such that the resulting copolymer can have a molar ratio of IPA to 
15 terephthalic acid in the range of from about 0.1:99.9 to about 60:40, preferably 
about 0.1 :99.9 to about 45:55. 

According to the invention, a phosphorus compound can be present in the 
IPA solution before, during, or after the carboxyl groups of IPA are esterified. 
Alternatively, the phosphorus compound can be present in the process before. 
2 0 during, or after carbonyl compound or ester thereof is esterified or transesterified. 
Similarly, it can be present before, during, or after the polycondensation stage. 

The phosphorus compound can be used to inhibit the catalytic activity of a 
titanium-containing catalyst, to reduce the discoloration of polyester produced 
using a titanium-containing catalyst, or both. Hie phosphorus compound can also 
25 be used to inhibit the catalytic activity of other metal-containing catalyst such as 
cobalt, zinc, and manganese, to reduce the discoloration of polyester produced 
using these catalysts, or both. Similarly, the phosphorus compound can be used to 
inhibit the catalytic activity of trace metals presented in raw materials, such as 
aluminum and silicon, to reduce the discoloration of polyester produced with 
3 0 these trace metals, or both. 

11 
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The phosphorus compound can be mixed with the catalyst, such as 
titanium, antimony, manganese, zinc, before the catalyst is introduced to the 
polyester reaction process. Alternatively, the phosphorous compound can be 
introduced to the process separately before or after the catalyst is introduced. 

5 A phosphorus compound that can be used with a polyester catalyst to 

produce polyester having low yellowness, as compared to a polyester produced 
from a catalyst without such phosphorus compound can be used. Examples of 
suitable phosphorus compounds include, but are not limited to, phosphoric acid or 
salts thereof, phosphorous acid or salts thereof, a polyphosphoric acid or a salt 
10 thereof, a phosphonate ester, a pyrophosphoric acid or salt thereof, a 

pyrophosphorous acid or salt thereof, and combinations of two or more thereof 
The polyphosphoric acid can have the formula of H„rtP„03„+, in which n is > 2. 
The phosphonate ester can have the formula of (R'0)2P(0)ZC0jR' in which each 
R' can be the same or different and can be independently H, C,^ alkyl, or 
15 combinations thereof; and Z is C,.; alkylene, C,., alkylidene, or combinations 
thereof, di(polyoxyethylene) hydroxymethyl phosphonate, and combinations of 
two or more thereof. The salt can be an alkali metal salt, alkaline earth metal salt, 
ammomum salt, or combinations of two or more thereof. 

Illustrative examples of suitable phosphorus compounds include, but are 
2 0 not limited to, phosphoric acid, phosphorous acid, sodium phosphate, potassium 
phosphate, sodium phosphite, potassium phosphite, potassium tripolyphosphate, 
sodium tripolyphosphate, potassium tetra phosphate, sodium pentapolyphosphate, 
sodium hexjqjolyphosphate, potassium pyrophosphate, potassium pyrophosphite, 
sodium pyrophosphate, sodium pyrophosphate decahydrate, sodium 

2 5 pyrophosphite, ethyl phosphonate, propyl phosphonate, hydroxymethyl 

phosphonate, di(polyoxyethylene) hydroxymethyl phosphonate, 
methylphosphonoacetate, ethyl methylphosphonoacetate, methyl 
ethylphosphonoacetate, ethyl ethylphosphonoacetate, propyl 
dimethylphosphonoacetate, methyl diethylphosphonoacetate, triethyl 

3 0 phosphonoacetate, or combinations of two or more thereof. 

12 
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A titanium-containing catalyst present in polyester can cause increased 
degradation and yellowness in the future processing. Part of or all of the titanium 
catalyst can be deactivated or inhibited after polymerization with a phospiiorous 
compound disclosed above in composition component, to avoid discoloration of 
5 the polymer. 

Similarly, when manganese, zinc, or other catalysts are used as 
esterification or transesterification catalyst and titanium-containing catalyst is 
used as polycondensation catalyst, these catalysts can be deactivated by the 
presence of a phosphorous compound disclosed above. 
10 EXAMPLES 

The following examples are included to further illustrate the invention and 
are not to be construed as to unduly limit the scope of the invention. 

The number of carboxyl groups COOH before esterification was calculated 
from concentration and chemical formula. The number of carboxyl groups COOH 
15 in the partially esterified IPA solution was determined as follows. A weighed 
specimen was dissolved in o-cresol, diluted with chloroform and titrated with 
methanolic potassium hydroxide to a bromophenol blue end point. The end point 
was determined colorimetrically at 600 nm using a recording titrator. 

Water content by weight in the partially esterified IPA solution was 
20 determined by the Karl Fisher method. Water was converted stochimetrically in 
the presence of sulfor dioxide, methanol and suitable base of addition iodine. The 
titration was followed by a two-pin platinum electrode having a current source 
applied to its poles. The voltage measured at the polarized electrode pins was 
used by the control as an input signal. When the last trace of water was titrated 
25 out, voltage dropped to virtually zero. The electrodes were then depolarized by 
the iodine now present; the small electrical current oxides iodine at one electrode 
and reduces the amount of iodine at the other electrode. 

Diethylene glycol (DEG) in IPA solution was analyzed in the same way as 
DEG in polymer which requires depolymerization. The samples were treated with 
2-aminoethanol (2AE) containing benzyl alcohol (BA) as an internal standard. 



30 
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The reaction mixture was diluted with isopropyl glycol and injected into a gas 
chromatograph. The ratio of the areas of the DEG and BA peaks, corrected for the 
sample weight, was translated by a calibration factor into weight percent DEG. 



5 This example shows the production of a clear solution of IPA m ethylene 

glycol. 

Ethylene glycol (EG; 360 g) and IPA (240 g) were added to a kettle, that 
has been nitrogen purged to substantially remove air and moisture to the vent, to 
produce a mixture containing approximately 40% IPA by weight. The mixture 
10 was healed from about 25»C (room temperature) to 1 SO^C in 1 10 minutes. 
Boiling started at 174°C after 50 minutes starting heat, boiling stopped after 1 
hour at 1 80°C, total boiling time was 2 hours. IPA was completely dissolved 
when the temperature reached ISO'C. A sample was taken at that time. The clear 
solution sample solidified immediately when cooled to about 25°C (room 
15 temperature). 

The solution was fiirther heated at 180°C for additional 2 hours. A sample 
taken at this time remained clear when cooled to room temperature. Carboxyl 
groups were analyzed to be 603 meq/kg (88.5% of IPA COOH were esterified). It 
also contained diethylene glycol (DEG) 0.51% and water 1.33%. 
20 Upon heating for a total of 4 hours at 180°C, a clear solution sample taken 

became a liquid containing partial gels when cooled to room temperature. 
Analysis showed: Carboxyl groups, 418 meq^ (92.0% of IPA COOH were 
esterified); DEG, 0.74%; and water, 1 .19%. 

When tiiis solution was heated for atotal of 6 hours at 180°C, tiie clear 
2 5 liquid became a gel when cooled to room temperatiire. Carboxyl groups were 
analyzed to be 236 meq/kg (95.6% of IPA COOH were esterified), DEG 0.90% 
and water 0.78%. 

The resuhs show tiiat solution having 80% to 90% by mole of the IPA 
carboxyl groups esterified remained clear solution upon cooling to room 
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temperature. Though clear solution at room temperature is not required for daily 
operation because the IPA solution is normally injected into TPA oligomer line at 
higher temperatures, clear IPA solution at room temperature would not plug any 
piping or equipment in case of temporarily equipment or process failures that 
5 cause the solution to cool to ambient temperature. 

Example 2 

This example shows that the invention IPA solution can contain an 
antimony compound to reduce glycol injection in CP process. 

EG (360 g) and IPA (240 g) were added to a kettle, as in Example 1, to 
10 make a mixture containing approximately 40% IPA. It took 30 minutes to heat 
the mixture from about 25^C to 180**C. Boiling started at 180**C after 30 minutes 
starting heat, boiling stopped after 75 minutes at 180^C, total boiling time was 75 
minutes. IPA was completely dissolved after the solution was heated at 180°C for 
75 minutes. 

15 A sample was taken after heating at 1 80*^0 for 2 hours. The clear solution 

sample became gel when cooled to room temperature. Another sample was taken 
after heating at 1 80°C for 4 hours. The sample remained clear solution when 
cooled to room temperature. Analysis showed: Carboxyl groups, 899 meq/kg 
(82.9% of IPA COOH esterified); DEG, 0.50%; and water, 1.10%. 

20 Antimony oxide (SbjOj; 5.02 g) was added at the end of 4-hour heating at 

180*^0 to the solution. The SbjOj dissolved inunediately, antimony in the solution 
did not crystallize or precipitate when the solution was cooled to room 
temperature. Antimony in the solution was 0.7%, if this solution were injected to 
TPA oligomer to make polymer containmg 2% IPA by mole, antimony mput 

2 5 would be 300 ppm of polymer. Antimony in IPA solution can be increased or 
decreased to meet catalyst needs. 

Example 3 

This example illustrates that a titanium compound can be added to the IPA 
solution to accelerate esterification reaction. 

15 
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EG (480 g), IPA (120 g), and tetiaisopropyl titanate (TPT; 0.2136 g) were 
added to a kettle as in Example 1 to produce a mixture containing 20% IPA and 
60 ppm Ti (by weight). It took 40 minutes to heat it from about 25"'C to 1 80°C. 
IPA was completely dissolved when the temperature reached 1 80°C, a sample was 
s taken at that time, the clear solution sample solidified immediately when cooled to 
room temperature. Analysis showed: Carboxyl groups, 884 meq/kg (64% of IPA 
COOH were esterified). 

After heating at 180°C for 2 hours, a sample was taken, flie clear solution 
sample remained clear when cooled to room temperature. Analysis showed: 
10 Carboxyl groups, 539 meq/kg (78.5% of IPA COOH were esterified); DEC, 
0.183%; and water 1.49%. 

After heating at 180°C for 4 hours, a sample was taken, the clear solution 
remained clear when cooled to room temperature. Analysis showed: Carboxyl 
groups, 249 meq/kg (90.1% of IPA COOH were esterified); DEC, 0.372%; and 
15 water, 0.88%. 

After heating at 180'C for 6 hours, the Uquid contained some white solids 
when cooled to room temperature. Analysis showed: Carboxyl groups, 91 meq/kg 
(96.4% of IPA COOH were esterified); DEG, 0.622%; and water, 0.51%. 

Example 4 

20 This example shows that lower temperature requires longer heating time. 

EG (480 g), IPA (120 g), and TPT (0.2136 g) were added to a ketUe as in 
Example 1 . The mixture contained approximately 20% IPA and 60 ppm Ti. It 
took 40 minutes to heat it fiom about 25°C to 160°C. IPA was completely 
dissolved after 80 minutes at 160°C, a sample was taken at that time, the clear 
2 5 solution sample solidified immediately when cooled to room temperature. 

After heating at 160°C for 4 hours, a sample was taken. The clear sample 
solution became gel when cooled to room temperature. Analysis showed: 
Carboxyl groups, 685 meq/kg (72.5% of IPA COOH esterified); DEG, 0.091%; 
water, 1.50%. 
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After heating at 160°C for 6 hours, the clear solution remained clear when 
cooled to room temperature. Analysis showed: Carboxyl groups. 553 meq/kg 
(78.0% of IPA COOH esterified); DEG 0.137%; and water 1.95%. 

Kxample 5 

This example shows the production of a dear solution of IPA in 1,3- 
propanediol (propylene glycol; PG). 

PG (480 g) and IPA (120 g) were added to a kettle, as in Example 1, to 
produce a mixture containing approximately 20% IPA by weight. The mixture 
was heated from room temperature to 180«>C in 1 5 minutes. After 1 5 minutes at 
ISO'C, boiling stopped. IPA completely dissolved. 

A sample was taken after 4 hours at 180°C. analysis showed: Carboxyl 
groups, 198 meq/kg (92.1% of IPA COOH esterified), water 1.12%. 

After 6 hours at 180»C, the solution was cooled. The solution remained as 
clear golden brown liquid without any solids at room temperature. Analysis 
showed: Carboxyl groups. 152 meq/kg (94.0% of IPA COOH esterified); and 
water, 0.69%. 
Kxamole 6 

TTiis example shows the mass balance of the invention solution due to 

evaporation of water. 
5 EG (378.8 g) and IPA (222.2 g) were added to a kettle, as in Example 1. 

The vapor was condensed in a two-stage condensing system with dry ice. Seventy 
minutes after heating started from about 25^C, the mixttire began to boil at 1770C. 
It reached ISO'C in 20 minutes, and was maintained at ISCC thereafter. The 
mixture became clear solution in about 45 minutes after boiling started. Total 
, 5 boiling time was about 1 hour. The solution was maintained at 180''C for 3.3 

hours after boiling stopped. Then the solution was cooled to room temperature by 
stopping heating. The cooled solution was clear except a small amount of whUe 
movable solids in the bottom. T^c weight of solution in the kettle was 548 grams, 
the condensed vapor was 35 grams. Analysis of the solution showed: Carboxyl 
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groups, 776 meq/kg (84% of IPA COOH esterified); DEG. 0.34%; and water. 

0.81%. 

Example 7 

This example shows an IPA solution containing phosphoric acid. 

EG (337.0 g), IPA (222.2 g), H3PO4 solution (H3PO4 10%, ethylene glycol 
88.2%. water 1.8%. all by weight; 40.8 g) were added to a kettle, as in Example 6. 
Forty minutes after heating started from about 25°C, the mixture began to boU at 
177''C. It reached 1 SO'C in 15 minutes, and was maintained at about 180°. The 
mixture became clear solution after 15 minutes at about 180°C. Boiling stopped 
after 80 minutes at 180°C. The solution was maintained at 180»C for 3 hours after 
boiling stopped. Then the solution was cooled to room temperature by stopping 
heating, the cool solution was clear without solids. The weight of solution in the 
kettle was 524.9 g. the condensed vapor 46.1 g. 

Example 8 

This example illustrates a continuous polymerization process for polyester 
with a polymer flow rate of 55 kgAiour. Tetraisopropyl titanate (TPT) was used as 
catalyst to accelerate the esterification reaction. 

EG (181.4 kg), IPA (45.4 kg), and TPT (53.8 g) were added into a mix 
tank, which had been nitrogen purged and an open discharge port to remove water 
vapor. The mixture contained about 20% IPA and 40 ppmTi. It took 60 minutes 
to heat the mixture from 42»C to 185.5°C. IPA was completely dissolved at about 
ISO-'C. 

After heating at about 1 82.7°C for 4 hours, heating was stopped. Sample 
was taken 8 hours later when the solution in the mix tank was cooled to 120OC. 
Analysis showed: Carboxyl groups. 115 meq/kg (95.4% of IPA COOH esterified); 
DEG. 1.10%; and water. 2.43%. The liquid sample contained a small amount of 
white solids when cooled to room temperature. 

The solution was injected from feed tank into TPA oligomer in the pilot 
plant to make copolymer containing 98% TPA and 2% IPA by mole. Antimony 
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glycolate and cobalt acetate were injected into oligomer line as catalyst at a rate of 
230 ppm Sb and 48.7 ppm Co in polymer. To reduce the interaction with 
antimony and cobalt, phosphoric acid was injected into the TPA esterifier at a rate 
of 30 ppm P in polymer. The esterifier was run at 282°C, the first prepolymerizer 
5 ("flasher") was 265»C at vacuum 90 mm Hg (12 kPa), the second prepolymerizer 
was 275»C at vacuum 35 mm Hg (4.67 kPa), the final polymerizer ("finisher") 
temperature was 282»C. Finisher pressure was controlled by an online melt 
viscosity instrument which measures polymer molecular weight. In this example, 
the average of finisher pressure was 4.28 mm Hg (0.57 kPa). Polymer 
10 temperature in the transfer Une from finisher to casting machine was 282»C. The 
molten polymer was cast with cooling water and cut to obtain flake of 0.44 g per 
25 particles. 

The polymerization process performed very well, the polymer resin had 
high quality: Intrinsic viscosity 0.638, turbidity 1 10.5, acetaldehyde 42.6 ppm. 
15 melting point 249.5«C, L color 52.02, a color 0.844, b color -1.18. 

Intrinsic viscosity (I.V.) analysis was determined as follows. Weighed 
polymer sample was dissolved in hexafluoroisopropanol (HFIP) to make 4.75% 
solution. The drop time of the solution at 25''C was measured using a constant 
volume viscometer in an Octavisc® auto viscometer system. Turbidity was a 
2 0 measure of cloudiness in polymer resin and was determined by dissolving a 

weighed flake sample in HFIP followed by reading with a Hach Model 2100AN 
Turbidimeter. The lower the turbidity number, the clear the polymer was. 

Acetaldehyde was measured as follows. Four (4) grams of polymer was 
added to a cryrogrinding tube. The tube was cooled in liquid nitrogen for 1 .5 
25 minutes. It was then impact ground for 3 minutes, and cooled to room 
temperature for 90 minutes. About 1 g of material was charged to a 22 ml 
headspace vial and sealed; the weight was recorded. The sample was then 
injected with a Hewlett Packard HP 7694 automated headspace sampler, which 
was coupled to Hewlett Packard 5890 gas Chromatograph instrument. The 
30 injector temperature was 160<'G, the detector temperature was 250°C, column was 
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DB-wax with ID 0.53 mm, length 30 meters, 1 .0 micron film thickness, the 
detector type was flame ionization. Acetaldehyde concentration was calculated 
fiom the area comparing to a standard. 

Color of the resulting oligomer and any polymer produced therefrom was 
5 measured in terms of the L-value and b-value. using a Hunter color instrument. 
The L-value shows brightness, with the greater the numerical value showing 
higher (desirable) brightness. The b-value shows the degree of yellowness, with a 
higher numerical value showing a higher (undesirable) degree of yellowness. 

Example 9 

10 This example shows that phosphonate ester reduces insoluble solids in 

polymer thereby reducing polymer turbidity and improve polymer color. Titanimn 
catalyst was added to accelerate esterification reaction in IPA solution. 

EG (181.4 kg), IPA (45.4 kg), and TFT (53.8 g) were added into a mix 
tank, which had nitrogen purge and an open discharge port to remove water vapor. 

15 The mixture contained about 20% IPA and 40 ppm Ti. It took 60 minutes to heat 
the mixture from 36»C to 181.5°C. IPA was completely dissolved at about 

180''C. 

After heating at about 180.8°C for 4.5 hours, heating was stopped. Sample 
was taken 1 1 hours later when the solution in the mix tank was cooled to 1 16»C. 
20 Analysis showed: Carboxyl groups. 1 1 1 meq/kg (95.6% of IPA COOH esterified); 
DEG, 0.929%; and water, 0.91%. The liquid sample contained some white solids 
when cooled to room temp. 

The pilot plant polymerization process and operating conditions were the 
same as Example 8. Ingredients weie the same as Example 7 except that 
25 phosphoric acid was replaced with triethyl phosphonoacetate (TEPA) in glycol 
solution at a rate of 30 ppm P in polymer. TEPA in glycol solution containing 
phosphorous 0.158% by weight was made by mixing ethylene glycol (81.6 kg) 
and TEPA (0.947 kg). 
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The average of finisher pressure was 3.37 mm Hg (0.45 kPa). The 
polymer resin had lower turbidity (better), higher L color (better), and lower b 
color (better) than the polymer in Example 7: Intrinsic viscosity 0.637, turbidity 
80.5, acetaldehyde 23.3 ppm, melting point 249.6''C, L color 53.15, a color 0.916, 
5 b color -2. 166. 

Example 10 

This example shows a polymerization test in the same pilot plant as 
Example 8. No titanium catalyst was added to the IPA solution, the degree of 
esterification in the solution was lower. 

10 EG (1 81 .4 kg) and IPA (45.4 kg) were added in a mix tank, which had 

nitrogen purge and an open discharge port to remove water vapor. The mixture 
contained IPA about 20%. It took 2 hours to heat the mixture from 35*^0 to 
1 78.2°C. IPA was completely dissolved then. 

After heating at about 180.5''C for 4 hours, heating was stopped. Sample 
15 was taken 1 1 hours later when the solution in the mix tank was cooled to 1 00°C. 
Analysis showed: Carboxyl groups, 329 meq/kg (86.9% of IPA COOH were 
esterified); DEG, 0.939%; and water, 1.86%. The IPA solution sample remained 
clear when cooled to room temperature. 

In the feed tank, solution temperature decreased to 60-80°C. The solution 
20 was injected from feed tank mto TPA oligomer to make copolymer containing 
98% TPA and 2% IPA. Additiyes, process conditions, and polymer properties 
were similar to Example 8, except that injected cobalt was 44,9 ppm of polymer, 
injected phosphorous from TEPA was 40 ppm of polymer. Compared with 
Example 8, without the small amount of titanium catalyst (Ti 3.4 ppm of polymer) 
25 in IPA solution, polymer color was slightly better. The average of finisher 

pressure was 3.45 mm Hg (0.46 kPa). The polymer had intrinsic viscosity 0.637, 
turbidity 59. 1 , acetaldehyde 36. 1 ppm, melting point 250.2**C, L color 54.44, a 
color 0.785, b color -2.165. 
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CLAIMS 

What is claimed is : 

1 . A solution comprising isophthalic acid and a glycol >»iierein said 
isophthalic acid is substantially soluble in said glycol and has 50 mole % to 100 

5 mole %, preferably 70 mole % to 98 mole %, of its carboxylic group esterified by 
said glycol. 

2. A solution according to claim I wh^ein said solution comprises 
monoesterified isophthalic acid, dimer thereof; trimer thereof, tetramer thereof, 
oligomer thereof, or combinations of two or more thereof 

10 3. A solution according to claim 1 or 2 wherein the concentration of said 
isophthalic acid in said glycol is in the range of from 5% to 60%, preferably 10% 
to 40%, by weight, 

4. A process comprising combining a glycol and isophthalic acid to form a 
mixture; heating said mixture under a condition sufficient to substantially dissolve 

X5 said isophthalic acid to produce a substantially soluble solution wherein said 

isophthalic acid having 70 mole % to 98 mole %. preferably 80 mole % to 95 mole 
%, of its carboxylic group esterified by said glycol; and optionally cooling said 
solution to a temperature substantially lower than the temperature for substantially 
dissolving said isophthalic acid, 

20 5 . A process according to claim 4 wherein said solution comprising 

monoesterified isophthalic acid, dimer thereof, trimer thereof, tetramer thereof, 
oligomer thereof, or combinations of two or more thereof. 

6. A process according to claim 4 or 5 wherein the concentration of said 
isophthalic acid in said glycol is in the range of from 5% to 60%. preferably 10% 

25 to 40%, by weight, 

7. A process according to claim 4, 5, or 6 wherein said mixture is heated to a 
temperature in tiie range of lOO^C to 250°C, preferably 160''C to m''C. 

8. A process comprising contacting, optionally in the presence of a 
phosphorus compound, either (a) isophthalic acid or a solution as recited in claims 
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1 or I witft a polymenzation mixture compnsing a carDonyi compound and a 
second glycol or (b) isophthalic acid or a solution as recited in claims 1 or 2 with 
an oligomer derived from a carbonyl compound and a second glycol under a 
condition effective to produce a copolymer comprising repeat units derived from 
5 said carbonyl compound or ester thereof, isophthalic acid, said glycol, and said 

second glycol wherein 

said phosphorus compound is phosphoric acid or a salt thereof, 
phosphorous acid or a salt thereof, a polyphosphoric acid or a salt thereof, a 
phosphonate ester, a pyiophosphoric acid or salt thereof, a pyiophosphorous acid 
10 or salt thereof, or combinations of two or more thereof; and 

said phosphorus compound is introduced into said process together with or 
separate from a catalyst. 

9. A process according to. claim 8 wherein 

said carbonyl compound is terephthalic acid, isophthalic acid, napthalic 
acid, succinic acid, adipic acid, phthalic acid, glutaric acid, oxalic acid, dimethyl 
adipate, dimethyl phthalate. dimethyl terephthalate, dimethyl glutarate, oligomer 
thereof, or combinations of two or more thereof; 

said glycol and second glycol are each independently ethylene glycol, 
propylene glycol, isopropylene glycol, butylene glycol, 1-methyl propylene glycol, 
pentylene glycol, diethylene glycol, triethylene glycol, polyoxyethylene glycol, 
polyoxypropylene glycol, polyoxybutylene glycol, or combinations of two or more 
thereof; and 

preferably said carbonyl compound is terephthalic acid, ester thereof, 
oligomer thereof, or combinations of two or more thereof and said glycol and 
2 5 second glycol are each ethylene glycol. 

10. A process according to claim 8 or 9, wherein the mole ratio of carbonyl 
compound or ester thereof to isophthalic acid in said copolymer is 99.1:0.1 to 
50:50. 

11. A process according to claim 8, 9, or 1 0 wherein said process is carried out 
30 in the presence of said phosphorus compound. 

12. A process according to any of claims 8 to 1 1 wherein said polyphosphoric 
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acid has the formula of H„«P„03n..; said phosphonate ester is selected from the 
group consisting of (R'0),P(0)ZC0,R', di(polyoxyethylene) hydroxymethyl 
phosphonate, and combinations thereof; n is > 2; each R' is independently selected 
fiom the group consisting of H, Cm alkyl, and combinations thereof; and Z is 
5 selected from the group consisting ofC,.salkylene,C,.5alkylidene. and 

combinations thereof. 

13. A process according to any of claims 8 to 1 1 Wherein said phosphorus 
compound is phosphoric acid, phosphorous acid, sodium phosphate, potassium 
phosphate, sodium phosphite, potassium phosphite, potassium tripolyphosphate, 
10 sodium tripolyphosphate, potassium tetrapolyphosphate. sodium 

pentapolyphosphate. sodium hexapolyphosphate, potassium pyrophosphate, 
potassium pyrophosphite. sodium pyrophosphate, sodium pyrophosphite. ethyl 
phosphonate, propyl phosphonate, hydroxymethyl phosphonate. 
di(polyoxyetiiylene) hydroxymefliyl phosphonate, methylphosphonoacetate, ethyl 
15 methylphosphonoacetate, methyl ethylphosphonoacetate. ethyl 
ethylphosphonoacetate, propyl dimethylphosphonoacetate, methyl 
dietiiylphosphonoacetate, triethyl phosphonoacetate, or combinations of two or 
more thereof; and preferably ..said phosphorus compound is phosphoric acid, 
phosphorous acid, potassium tripolyphosphate, sodium tripolyphosphate, 
20 potassium pyrophosphate, sodium pyrophosphate, di(polyoxyethylene) 
hydroxymetiiyl phosphonate, or triethyl phosphonoacetate. 
14. A process according to any of claims 8 to 13 wherein said phosphorus 
compound is introduced into said process before, during, or subsequent to said 
contacting. 

25 15. A process according to claim 14 wherein said phosphorus compound is 
introduced into said isophthaUc acid or said solution. 
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IMPROVED COPOLYMER BINDER FIBERS 

PriPTilvPam 

Thisapplicationclaiinsbenefitxmder35U.S.C. § 119 of provisional application 
60/057.800 filed Aiigast28. 1997. The entire disclosure ofthe provisional appUcation is 
incorporated herein by reference. 

T?ift1d nf the Invention 

The invention relates to binder fibers made firom copolyestets, the copolyesters 
themselves and catalysts and processes for producing the copolyesters. More particularly, the 
invention relates to copolyesters formed from 1,4-cyclohexanedimethanol, ethylene glycol and 
terephthalic acid, napthalenedicarboxylic acid. 1,4-cyclohexanedicarboxyUc acid and esters or 
anhydrides thereof. Such copolyesters may be formed into a variety of products, especially 
bfaider fibers for nonwoven fabrics. 

T^j,|.t^fnr»«ii.il nf ttie Tnvaition 

Nonwoven fabrics are widely used in a variety of products. For example, nonwoven 
fabrics are suitable for use in filters, roofing materials, composites, backing materials, linings, 
insulation, medical/surgical applications, bedding, tablecloths, and diapers. High loft batting 
nonwoven fabrics are also used in a wide variety of products, including comforters, robe wear, 
and bra cups. Generally nonwoven fabrics are based on polyester. acryUc. nylon, glass and 
cellulosic fibers which may be bonded with latex adhesives, binder fibers, or polymers in powder 
form, nie bonding of nonwoven fabrics with binder fibers provides a convenient method for 
making nonwoven fabrics without the need for water-based adhesives which are less 
environmentally friendly. Nonwoven fabrics bonded with binder fibers are economical to 
produce, and provide a method for making articles, which are unique or superior in performance. 

Certain copolyesters have been found to be usefiil as binder fibers. For example, 
polyethylene terephthalate (PET) copolyesters containing 1.4-cyclohexanedimethanol having 
mherent viscosity (I.V.) values m the range of about 0.6 to about 0.8 have been used in the past 
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as binder fibers to bond polyester or other fibers. Gopolyesters with lower LV. values:, however. 

were believed to not have adequate bonding strength. 

It is well known that copolyesters can be prepared by processes involving 
polyesterification and polycondensation. Generally, as described in U.S. Patents 2,901,466. 
5,017.680, 5,106,944. 5.668,243 and 5,668,243. theieactants are a glycol component and a 
dicarboxyiic acid component. Typiwdly, the dicarboxyUc acid component is terephthalic acid 
and the dihydric alcohol is ethylene glycol. Such copolyesters are relatively inert, hydrophobic 
materials which are suitable for a wide variety of uses, including, molded articles, food trays, 
fibers, sheeting, fihns and containers, such as bottles. The use of ethylene glycol as the only 
diol, however, is accompanied by undesirable properties such as yellow discoloration and weak 
fiber binding properties. Indeed, such polymers tend to be opaque, crystalline polymers with 
high melting temperatures which make them unsuitable for use as binder fibers. To remedy the 
problems with polyethylene terephthalates, polyethylene terephthalate copolyesters have been 
formed with 1,4-cyclohexanedimethanol. 

The preparation of copolyesters with ethylene glycol, l.4-cyclohexanedimethanol and 
terephthalic acid is typically conducted in the presence of a catalyst materials. The choice of 
materials for such have generally fijcused on a variety of combinations of materials including 
catalysts derived from antimony, cadmium, calcium, gaUium, germanium, lithium, magnesium, 
manganese, titanium, and zmc. An exemplary catalyst system for the preparation of 
polyethylene terephthalate is described in U.S. patent 3,907.754. Unfortunately, previous 
catalyst systems have not been entirely successful as they can produce copolyesters having an 
undesirable discoloration. Thus, there exists a need in the art for a catalyst system which 
provides efficient reaction times while producing high clarity copolyesters, especially high 
clarity copolyester binder fibers. 

Furfhennore, previous attempts at forming copolyesters with 1,4-cyclohexanedimethanol 
have focused upon copolyesters having high inherent viscosities, LV. of greater tiian 0.6. due to 
the beliefs that low inherent viscosities would not possess adequate strength. In particular, it was 
believed that low inherent viscosity copolyesters were unable to provide adequate bonding 
strength to form commercially acceptable binder fibers. Indeed, previous polyethylene 
terephthalate copolyesters having 1 .4-cyclohexanedimethanol were made with inherent 
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viscosities ranging from 0.6 to 0.8 to fom binder fibers to bond polyesters or other fibers. 
However, such attempts have not been entirely successfiil in providing copolyesters having the 

desired high clarity and hue or bonding capability at low activation temperatures when in the 
-form of abinder fiber. Thus, there exists aneed in the art for a copolyester having an inherent 

viscosity of less than 0.6 while possessing hnpioved clarity, color and binder fiber bonding 

steength at low activation temperatures. 

giimiin^rv of the Tnvention 

The invention answers the problems connected with previous binder fibers and 
copolyesters by providing binder fiber copolyesters having excellent color, thermoplastic flow 
and increased bonding versatility as well as catalysts for producing such copolyesters. The 
copolyesters of the invention are suitable for use in a wide variety of applications, such as binder 
fibers for making nonwoven fabrics in textile and industrial yams. 

More specifically, the invention provides copolyesters which are prepared with a glycol 
component and a dicarboxylic acid component. The glycol component generaUy contains 1, 4 
cyclohexanedimethanol in an amount ranging ftom 10 to 60 mole % and ethylene glycol in an 
amount ranging ftom about 40 to about 90 mole %. At least about 90 mole % of the dicaiboxyUc 
acid component is selected fi»m the group consistmg of acids, esters or anhydrides of 
terephthalic acid, napthalenedicarboxylic acid. 1,4-cyclohexane dicarboxyUc acid and mixtures 
thereof The copolyester of the invention is formed such tiiat the resulting copolyesters have 
inherent viscosities of less than 0.6 and excellent thermoplastic flow and bonding capabiUty. 
Indeed, the copolyesters of the invention are particularly suited for use as binder fibers as flie 
copolyesters possess a lower I.V. which allows improved bonding of the binder fiber for 
nonwoven fibrics at relatively low temperatures. The invention is discussed in more detail 
below. 

np ^nilPil ntatcrintion 

The invention relates to binder fibers made from copolyesters, the copolyesters 
themselves and catalysts and processes for producing tiie copolyesters. The copolyesters of the 
invention possess excellent color as tiiey are clearer, exhibit a neutral hue or brighter appearance 
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than previous copolyesters and may accept dyes more easily than higher LV. copolyesters. 

Indeed, through the use of a lower I.V. a copolyester polymer is formed which is clear and non 

opaque and may readily be processed into binder fibers having superior binding properties. 

Furttiermore, the processing of the copolyesters into binder fibers is aided by the lower spin melt 

temperatures of the lowered LV. copolyesters of the invention. 

The copolyesters of the invention are formed &om the reaction of a glycol component and 
a dicarboxylic acid component. Generally, the glycol component comprises 1, 4 
cyclohexanedimethanol in an amount ranging firom 10 to 60 mole % and ethylene glycol in an 
amount ranging fi-om about 40 to about 90 mole %. The dicarboxylic acid component contains at 
least about 90 mole % of an acid, ester or anhydride of terephthalic acid, napthalenedicarboxylic 
acid, 1,4-cyclohexanedicarboxylic acid and mixtures thereof. The copolyesters of the invention 
possess an LV. of between about 0.36 to 0.58. These features and others are discussed in more 
detail below. 

Glycol Component 

As mentioned above, the glycol component generally comprises 1 , 4 
cyclohexanedimethanol in an amount ranging from 10 to 60 mole % and ethylene glycol in an 
amount ranging from about 40 to about 90 mole %. Preferably the 1, 4 cyclohexanedimethanol 
is present in an amount rangmg from about 20 to about 40 mole %, more preferably about 25 to 
about 35 mole %. The 1, 4 cyclohexanedunethanol may be a cis-, trans-, or cis/trans mixture of 
isomers. The ethylene glycol is preferably present in an amount rangmg from about 60 to about 
80 mole % and more preferably about 65 to 75 mole %. 

In addition to the 1,4 cyclohexanedimethanol and ethylene glycol, the glycol component 
may include up to about 20 mole %, and preferably up to about 4 mole % diethylene glycol and 
also up to about 10 mole % of conventional glycols including, but not limited to, glycols 
containing about 3 to about 12 carbon atoms such as propylene glycol, 1,3- propanediol, 1,4- 
butanediol, 1,5-pentanediol, neopentyl glycol, 2>dimethyl.l,3-propanediol, 1,6- hexanediol, 
2,2,4-trimethyl-l,3-propanediol, 2-ethyl-2-butyH,3-propanediol, 2,2,4,4-tetramethyl 1,3 
cyclobutanediol, 2,4-dimethyl-2-ethylhexane-l,3-diol, 2-ethyl-2-isobutyH,3-propanediol, 1,3- 
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butanediol, neopentyl glycol, 1,8-octanediol, 2,2,4-trimethyl-l,6-hexanediol, thiodiethanol, 1,2- 
cyclohexanedimethanol, and 1,3-cyclohexanedimethanol. 

pj^-fifhnyvliy Acid romoonent 

The dicarboxylic acid component contains about 90% or more of an acid, ester or 
anhydride of terephthalic acid, napthalenedicdrboxyUcacid, and 1,4-cyclohexanedicarboxylic 
acid. It should be noted that any of the naphfhalenedicaiboxyUc acid isomers or mixtures of 
isomers may be used with the 1,4-, 1,5-. 2,6- and 2,7- isomers being prefcired. Additionally, the 
1,4-cyclohexanedicarboxylic acid moieties may be as (he cis-, trans- or cis/trans mixtures of 
isomers. The preferred dicarboxylic acid component is dimethyl terephthalate. 

Additional dicarboxylic acid components, (other than acids, esters or anhydrides of 
terephthalic acid, napthalenedicaiboxylic acid, and 1,4-cyclohexane dicarboxylic acid), may be 
added in amounts of up to 10 mole %. Suitable additional dicarboxylic acid components contain 
about 4 to about 40 carbon atoms and are described m U.S. Patents 5,608,031 and 5,668,243, 
herein incorporated by reference in their entirety. Preferably the additional dicarboxylic acid 
component is an acid, ester or anhydride of an aromatic dicarboxyUc acid, preferably havmg 8 to 
14 caibon atoms, an aliphatic dicarboxylic acid, preferably having 4 to 12 carbon atoms, or a 
cycloaliphatic dicarijoxylic acid, preferably having 8 to 12 carbon atoms. 

Particularly preferred examples of additional dicarboxylic acid components other than 
terephthalic acid, napthalenedicarboxylic acid, and 1,4-cyclohexane dicarboxylic acid to be used 
include, but are not limited to, isophthalic acid, sulfoisophthalic acid, 1,3- 
cyclohexanedicarboxyUc acid, 1,4-cyclohexanediacetic acid, diphenyl-4,4'-dicarboxyUc acid, 
succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic acid. 1, 12-diodecanedioc acid and 
dimer acid. Copolyesters may be prepared ftom one or more of the above dicarboxylic adds. 

Branching Acaits 

Small amounts, typically less than about 2 mole %, of conventional branching agents may 
be reacted with the glycol component and dicarboxylic acid component to form the inventive 
copolyesters. Conventional branching agents include polyfonctional acids, anhydrides, alcohols 
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and mixtures thereof. Examples of suitable branching agents, include, but are not limited to. 
trimellitic anhydride. pyiomeUitic dianhydride. glycerol, trimethylolpropane. and pentaerythritol. 

i>..o^^np Pmresr for Fnrminp the Copolyegtgr^ 

In forming the copolyesters of the invention, the reaction of the glycol component and the 
dicarboxylic acid component may be carried out usiiig conventional polyester polymerization 
conditions. For example, when preparing the copolyesters by means of an ester interchange 
reaction, i.e., from the ester form of the dicarboxylic acid components, the reaction process may 
comprise two steps. In the first step, the glycol component and the dicarijoxylic acid component, 
such as dimethyl terephthalate, are reacted at elevated temperatures, typically, about 180 «C to 
about 280 «C and pressures ranging from about 0.0 to about 60 psig. Preferably, the temperature 
for the ester interchange reaction ranges from about 190 'C to about 240 "C while the preferred 
pressure ranges from about 1 5 psig to about 40 psig. Thereafter, the reaction product is heated 
under still higher temperatures and under reduced pressure to form polyester with the elimination 
of glycol, which readily volatilized under these conditions and removed from the system. The 
second step, or polycondensation step, is continued under higher vacuum and a temperature 
which generally ranges from about 240 «C to about 300 »C. preferably about 250 »C to about 290 
cc and most preferably about 270 "C to about 285 "C. until a polymer having the desired degree 
of polymerization, detemiined by I.V.. is obtained. The polycondensation step may be conducted 
xmder reduced pressure which ranges from about 400 mm Hg (torr) to about 0. 1 mm Hg (torr). 
Without the aid of a suitable catalyst, the above reactions do not proceed at a noticeable rate. 

To ensure that the reaction of tiie glycol component and dicarboxylic acid component by 
an ester interchange reaction mechanism is driven to completion, it is preferred to employ 3 
moles and more preferably about 2.3 to about 2.6 moles of glycol component to one mole 
dicarboxylic add component. It bdng understood, however, that the ratio of glycol component 
to dicaiboxyUc acid component is generally detemiined by the design of tiie reactor m which the 

reaction process occurs. 

In the preparation of polyester by direct esterification. i.e., from the acid fonn of tiie 
dicarboxylic acid component, copolyesters are produced by reacting a dicarboxylic acid, such as 
terephthalic acid, napttialenedicarboxylic acid. 1.4-cyclohexanedicarf)OxyUc acid, or mixtures 
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thereof, with the glycol component. The reaction is conducted at a pressure of from about 1 to 
about 1000 pounds per square inch gauge pressure, preferably less than 100 psig to produce a 
low molecular weight, linear or branched polyester product having an average degree of 
polymerization of from about 1 .4 to about 10. The temperatures employed during the direct 
esterification reaction typically range from about 180 to about 280 '^C, more preferably 
ran^ng from about 220 °C to about 270 **C. This low molecular weight polymer may then be 
polymerized by a polycondensation reaction. 

To ensure that the reaction of the glycol component and dicarboxylic acid component by 
a direct esterification reaction mechanism is driven to completion, it is preferred to employ about 
3.0 to 1.05 moles glycol component to one mole dicarboxyUc acid component. It being 
understood, however, that the ratio of glycol component to dicarboxylic acid component will be 
determined by the design of the reactor in which the reaction process occurs. 

Lower LV. copolyesters are generally obtained by employing shorter residence times or 
slow reaction rates as compared to processes for forming higher I.V. copolyesters. For sample, 
tiie reaction rate can be slowed by reducing the reaction temperature, reducing the catalyst 
concentration, by increasing the absolute pressure in the reactor or by a combmation of these 
factors. 

The process of forming the copolyesters of the invention may be conducted as a batch, 
semi-batch or continuous process. Advantageously the process is operated as a continuous 
process. Indeed, it is possible to produce superior coloration of the copolyester when using a 
continuous process as the copolyester may deteriorate in appearance if the copolyester is allowed 
to reside in a reactor at an elevated temperature for too long a duration. 

A variety of catalyst systems are useful in promoting the reaction of the glycol 
component and the dicarboxylic acid component. Typically a catalyst system will contain 
catalytic materials and catalytic inhibitors. 

Catalytic Materials 

Catalytic materials which are suitable for the catalyst system include, but are not limited 
to, materials containing titanium, manganese, zinc, cobalt, antimony, gallium, lithium, calcium, 
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Silicon, and gennanium. Indeed, such catalyst systems are described in U.S. Patents 5,907,754. 
3.962.189. 4,010.145, 4.356,299, 5.668,243, and 5.681.918, herein incorporated by reference in 
their intirlty. Generally, the catalyst system of the invention comprises materials which contain 
titanium, manganese and/or zinc andmixtures thereof. While the amounts of the individual 
catalytic materials in the catalyst system wiU vary, it is desired that the total amount of catalyUc 
materials in the catalyst system be below about 125 wm^ 

most preferably below about 80 ppm. The •'ppin" for the catalyst system and the catalytic 
inhibitor described below, refers to the weight of the element referred to and is based upon the 
theoretical weight of the final copolyester product. 

Titanium catalytic materials are usually added in the fomi of an alkoxide in an amount 
rangmg from about 10 to about 35 ppm. more preferably about 10 to about 25 and most 
pref&ably about 12 to about 20 ppm. Indeed, copolyesters formed with lower levels of titanium 
catalytic materials have better stability when held in the melt. Suitable titanium alkoxides 
include, but are not limited to. acetyl triisopropyl titanate, tetraisopropyl titanate and tetndsobutyl 
titanate'. The titanium catalytic material may be added to the reaction process prior to direct 
esterification or ester mterchange reaction or prior to the polycondensation reaction. 

Manganese is typicaUy added in the fomi of a salt, such as an organic acid salt in an 
amount ranging from about 0 to 70 ppm. preferably about 30 to about 70 ppm and more 
preferably about 40 to about 50 ppm. Examples of suitable manganese salts inctade, but are not 
limtted to. manganous benzoate tetrahydrate. manganese chloride, manganese oxide, manganese 
acetate, manganese acetylacetonate. and manganese succinate. Manganese is added to tiie 
reaction process prior to a direct esterification or ester interchange reaction. 

Zmc may be added to the catalyst system in addition to the manganese or in place of the 
manganese catalyst. Zinc is typicaUy added in the form of a salt in an amount ranging from 0 to 
100 ppm. preferably about 25 to about 100 ppm and more preferably about 50 to about 80 ppm. 
Examples of suitable zinc compounds include, but are not limited to. zinc acetate, zinc phosphate 
monohydrate. zinc succmate. and zinc alkoxide. Zinc is typicaUy added tiie reaction process 
prior to a direct esterification or ester interchange reaction. 

If desired, a cobalt catalytic material, may also be employed as part of tiie catalyst 
system. When employed, cobalt is typically added in the form of a salt, such as an organic acid 
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saJt. Examples of suitable cobalt salts include, but are not limited to, eobaltous acetate 
trihydrate, eobaltous nitrate, eobaltous chloride, cobalt acetylacetonate, cobalt naphthenate, and 
cobalt salicylate. Cobalt may be added in an amount ranging from about 0.0 to 90 ppm. As 
described below, the cobalt may function as both a catalytic material and as a colorant. Cobalt is 
added to the reaction process after a direct esterification or ester interchange reaction. 

In some embodiments antimony maybe anployed. meniised,«camples of suitable 
antimony compounds include, but are not limitsd to, antimonate esters of inorganic acids, 
antimony oxide, antimony alkoxides such as antimony isopropoxide, antimony haUde, such as 
antimony chloride, antimony bromide and antimony fluoride, sodium or potassium antimonate, 
antimony carboxylates, such as antimony acetate and antimony glycolate or mixtiires thereof. 
Preferably tiie antimony component is an antimony glycolate or an antimony oxide. Antimony is 
generally added after the ester interchange or a direct esterification reaction. When tiie 
copolyester is used to form bmder fibers, antimony may be omitted from tiie catalyst system due 
to tiie yellowing caused by tiie presence of an antimony containing catalyst. 

While less prefiared, calcium, galUum and silicon catalytic materials may be used in tiie 
catalyst system. Examples of suitable calcium compounds include, but are not limUed to, 
calcmm acetate, calcium glycoxide. and calcmm phosphate monohydrate. Examples of suitable 
gallium compomids include, but are not limited to, galUum chloride, gallimn nitrate hydrate, 
gallium oxide, gallium lactate and gallium phosphide. Examples of suitable silicon compounds 
include, but are not limited to, silicon acetate and tetraetiiyl orthosilicate. Germanium catalytic 
materials include, but are not limited to oxides, organic salts and in particular glycolates of 
germanium. 

A preferred ester interchange catalyst system for reacting esters of terephtfialic acid. 
napflwlenedicarboxyUc acid, and 1,4-cyclohexane dicarboxylic acid contains titanium, 
manganese, and optionally cobalt materials. In tiie ester interchange catalyst system, tiie titanium 
is present in an amomit ranging from about 10 to about 35 ppm. preferably about 10 to about 25 
ppm and tiie manganese is present in an amount ranging from about 30 to about 70 ppm. 
Additionally, in anoflier embodunent of tiie ester catalyst system, tiie total amount of catalytic 
materials in ttie catalyst system is less tiian or equal to about 125 ppm, preferably less titan about 
100 ppm, more preferably less than about 80 ppm and most preferably less than 70 ppm. A 
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preferred ester catalyst system is typically used in combination with a catdytic inhibitor 
comprising about 40 to about 90 ppm P; and a colorant in an effective amount, for example, 
about 2 to about 10 ppm of a blue and/or red substituted anthraquinone dye. Generally, the 
preferred ester catalyst system is substantially free of Zn catalytic materials, more preferably 
contains less than 5 ppm Zn catalytic materials and most preferably is free of Zn catalytic 
materials. Additionally, when binder fibers are desired, the preferred ester catalyst system is 
substantially free of Sb catalytic materials, more preferably contains less than 5 ppm Sb catalytic 
materials and most preferably is free of Sb catalytic materials. 

ratal ytic Inhibitor 

To stabilize the effects of the catalyst system and to promote efficiency of zinc, 
manganese and cobalt catalytic materials, it is desired to add a phosphorus catalytic inhibitor to 
the reaction process after an ester interchange or direct esterification reaction but prior to 
conducting the polycondensation reaction step. Typically, phosphorus is added in the form of a 
phosphate, such as phosphoric acid or an organic phosphate ester in an amount ranging from 
about 40 to 90 ppm and more preferably rangmg from about 60 to 75 ppm. Suitable phosphate 
esters for use in this invention include, but are not limited to, ethyl acid phosphate, diethyl acid 
phosphate, triethyl phosphate, arylalkyl phosphates and tris-2-ethyIhexyl phosphate. One usefiil 
phosphate catalytic inhibitor is sold under the Metpol® A which is commerciaUy available from 
Du Pont. 

Colorants 

In forming the copolyesters of the invention, colorants, sometimes referred to as toners), 
may be added to impart a desired neutral hue and/or brightness to the resulting copolyester. 
Whrai colored copolyesters are desired, pigments or colorants may be included in the reaction 
mixture during the reaction of the glycol component and the dicarboxylic acid component or they 
may be melt blended with the preformed copolyester. A preferred method of including colorants 
is to use a colorant having ttiermally stable organic colored compounds having reactive groups 
such diat the colorant is copolymorized and incraporated into the copolyester to improve the hue 
of the copolyester. For example, colorants such as dyes possessing reactive hydroxyl and/or 
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carboxyl groups, including, but not limited to. blue and red substituted anthraquinones, may be 

copolymerized into the polymer chain. Colorants and dyes are described in detail in U.S. 

Patents. 4.521.556. 4.740.581. 4.749.772. 4.749.773. 4.749.774. 4.950.732. 5,384.377. 

5 372864 5,340.910 and 5.681.918. herein incorporated by reference in their entffety. When 
dyes ^e employed as colorants, they may be added to the copolyester reaction process after an 
ester interchange or direct esterification reaction. Furthermore, when a dye or dye mixture s 
employed as the toner colorant for the copolyester. it is preferred that the total amount of dye is 
less than 10 ppm. 

Alternatively, inorganic pigments, such as titanium dioxide and cobalt contaimng 
materials, may be added to the reaction. Advantageously when a catalyst material contains 
cobalt thecobaltmayalsoactasacolorant. Care must be taken to control the level of cobalt m 
order to avoid opacity and dinginess in the copolyesters of the invention. To control the level of 
opacity and dinginess. cobalt may be employed in an amount ranging from about 0.0 to 90 ppm. 

rrn yilveste rff t*"^ Tnvention 

The copolyesters of the invention have an inherent viscosity. LV.. rangmg from about 
0 36 to 0.58. Preferably the copolyesters of Ae invention have an LV. ranging from about 0,38 
to aboutO.58. more preferably about0.4to about 0.53.morepreferably about 0.40 to about 0.50 

andmostpreferablyabout0.41toabout0.49. The l.V.ofthe copolyesters ofthe invention is 
detemunedbymeasuringtheI.V.at25''C.using0.5gpolymerperl00mLofasolvent 
consisting of 60% by weight phenol and 40o/o by weight tetrachloroethane. Hie basic method of 
detemiining the LV. of a copolyester is set forth in ASTM 0-2857-70. Tlie copolyesters 
produced with the lower LV. values possess exceUent color as they are clearer than previous 
copolyesters and may accept dyes more easily than higher LV. copolyesters. Furthemiore. low 
I V copolyesters are more easily dyed at lower temperatures and possibly more easily prmted 
than similar higher LV. copolyesters. Additionally, since the copolyester 

low I V. values, the production rates of the copolyesters are quite rapid. 

The polymerization of 1,4-cyclohexanedimethanol with ethylene glycol and terephthalic 
acid may be controlled to fomi an amorphous polyethylene terephthalate polymer with a glass 
transition temperature similar to polyethylene terephthalate. As is known in the art. amorphous 
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polymers generally have higher clarity md are not opaque like many crystalline polymers. 
Therefore, while some of the 1,4-cyclohexanedhnethanol levels employed may form 
copolyesters having some crystallinity, the superior clarity of amorphous polyesters provides 

some distinct advanta^. 

GeneraUy, a lower I.V. copolyester wiU have a lower extrusion temperature. Hence, 
copolyesters of the invention may advantageously be melt spun into fibers at a lower 
temperature. For example a copolyester of the invention with an LV. of 0.47 may be melt spun 
at a temperature of approximately 233 "C whereas a similar copolyester with an LV. of 0.6 to 0.7 
generally requires fiber spimiing at a temperature of 275-285°C. Typically, a copolyester of the 
invention is melt spun at a temperature of less than about 250 'C, in some cases as low as 235°C, 
which approaches conditions used to spin polypropylene. These copolyesters can be melt spun 
through a spinnerette with about 332 holes and a hole size of about 0.55 mm. Generally, the melt 
spinning pressures win vary from about 1000 psig to 2000 psig. 

Typically, the clarity and color (hue) of the copolyesters may be evaluated using a 
standard spectrocolorimeter. For example, a suitable spectrocolorimeter for evaluating the clarity 
and color of the copolyester is a Hunt^ab UltraScan which is commercially available from 
HunterLab of Reston, Virginia. Throng the use of a HunterLab UltraScan spectrocolorimeter. 
the clarity and color, i.e., yellowness and/or blueness may be quantified. The use of a HunterLab 
UltraScan spectrocolorimeter for evaluating and quantifying the color and clarity of a copolyestw 
is described in U.S. Patent 5,681.918, herein incorporated by reference in its entirety. When 
using the HunterLab UltraScan an L* value indicates the level of clarity with higher L* values 
representing higher levels of clarity. The level of yellowness and/or blueness is quantified as a 
b* value with 0.0 representing neutral, whereas values above 0.0 indicate levels of yellowness 
and values below 0.0 indicate the level of blueness m the copolyester. The copolyesters of the 
invention typically have an L* value of more than about 65, generally about 69 to about 72, and 
a b* value varying from between about -2.5 to about +2.5, preferably varying from about -1 .0 to 
about +1.0, and more preferably ranging from about -0.5 to about +0.5 and most preferably about 
0.0. 
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Products Fo|twpi<^ from C opolvesters nf the Invention 

The copolyesters of the mvention may be used to fonn an article of manufacture or be 
used as an additive, such as a compoundmg additive concentrate or master batch for another 
polymer system. In addition, binder fibers and other articles may be formed with the 
copolyesters that include, but are not Umited to, plastics and fihns, including contamers, molded 
parts, sheeting and extruded fihns and fibers. The inventive copolyesters may be part of the 
articles to be formed or may form tiie entire article. 

Conventional additives may be added to ttie copolyesters of the mvention, depending 
upon the desired end use of the copolyester. Suitable additives for the copolyesters are described 
in detail in U.S. Patents 5,608,031 and 5.773,554 herein incorporated by reference in its entirety. 
Typical additives for the copolyesters include pigments, antioxidants, stabilizers, flame 
retardants, tougheners, epoxy compounds, mold release agents, nucleating agents, fi^ee radical 
stabilizers, lubricants, and other processing agents. 

A preferred article of the invention is a fiber. The fiber may be prepared in any desired 
length known in tiie art and generally in the form of a filament or staple fiber. Fibers nuiy be 
made fiom flie copolyesters of the invention toough any conventional means available 
including, but not limited to, meU spinning, melt-blow or extrudmg tiie copolyester into a fiber 
form. Depending upon the end use, any desired denier may be formed witii tiie fibers employing 
copolyesters of the invention, including fibers having a denier value ranging fiom microdenier to 
about 50 draiier, preferably up to about 20 denier. 

The copolyesters may be used to form binder fibers in any desired configuration known 
in ttie art. The copolyesters of the invention are preferably binder fibers having the form of a 
fibrous stmctiire. A major advantage of bmder fibers is tiiat bonded products can be obtained by 
tiie mere application by tteatinent witii heat, radio fiequencies or ultrasonic firequencies to an 
unbonded batt of filaments witii little or no change in shsqie. Indeed, tiie copolyesters of tfie 
invention are particularly suited for use as bmder fibers as ttie copolyesters possess a lower I.V. 
which allows better flow and softening properties at lower temperatiires. Hence, unproved 
bonding of the binder fiber is possible at lower temperatures tiian previously known binder fibers 
for nonwoven fabrics when employing binder fibers containing tiie copolyesters of tiie invention. 
Indeed, tiie bmder fibers formed from the copolyesters of the invention are particularly suited for 
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bonding to polyester, acrylic, nylon, glass, cotton and scoured wool. Typically, the binder fibers 
fonned with the copolyesters of the invention wiU have deniers of about 1.5 to about 20. 
However, other fibrous forms such as melt blown webs or spun bond many have microdenier 
sizes. 

The binder fibers of the inventidri may be in the form of unicomponent binder fibers and 
bicomponent sheaths or other surface segm^ts are forrried with copolyesters pT the invaition 
having an I.V. of about 0.36 to about 0.58. Shaped bmder fibers niay he formed with the tops of 
the cross-sectional legs capped with binder materials during rartnision. 

Bicomponent binder fibers may have a sheath/core, side by side, or other configuration 
known in the art. The process of preparing and bonding a low melt temperature bicomponent 
binder fiber is described in detail in U.S. Patent 3,589.956. herein incorporated by reference m its 
entirety, to a bicomponent fiber of the invention, the copolyesters of this invention will be 
present m amounts of about 10 to about 75 weight % of the bicomponent fiber. The other 
component may be from a wide range of other polymeric materials mcluding, but not lunited to, 
polyesters such as polyethylene terephthalate or polybutylene terephthalate. Bicomponent binder 
fibers may be blended with other fibers or used alone to make nonwoven fabrics and high loft 
battmgs having various properties. Generally, bicomponent bmder fibers contain a polymer 
having a high melting point to ensure stmctoral integrity during the bondmg process and a lower 
melting or amorphous polymer to bond the matrix in nonwoven fabrics. Altematively, 
economics may dictate that a much less expensive core material be used. 

Binder fibers from this mvention are readily blended with a wide range of other fibers 
and subsequently heat or energy activated to provide nonwoven fabrics having good integrity and 
strength. For example, other fibers in the blends could include, but are not limited to, polyester, 
acrylic, nylon, glass. celMosic (cotton, pulp based fibers, cellulose ester fibers etc.) and other 
smrilar fibers. Incorporation m nonwovens can also aid lamination to other fabrics, fihns and 
some metaUic surfaces. The amount of binder fiber in the nonwoven blend will generally be in 
the range of about 5 to about 30 weight %; however, there are instances where 100% binder 

fibers are used in fabric form. 

Another fibrous structure which may be made with the copolyesters of the invention is a 
composite fiber which may be formed by melt blending a polyolefin or a fimctionalized 
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polyolefin with the eopolyester of the invention. The melt hlended copolyester/pblyoMin may 
be spun as a fiber to fom a fibrous structure. 

The fibrous structures of the invention are particularly useful for processing mto a wide 
-variety of nonwoven, knitted and tufted textiles for a variety of application, but are particularly 
suitable for the manufacture of bonded, nonwoven and textiles, either quilled or unquilted. wWch 
may be actuated by a varied means. They are also suittble for use in maldiig a wide varie^ of 
products including, but not limited to, high loft battings, needle punched febricsj flat hohwovens, 
hydroentangeled fabrics, stitch-bonded fabric (to minimize piUmg), wet-laid non-woven fibrics 
and paper, filter media, face masks, scatter rags, cotton carpeting, cellulosic insulation, absoibent 
products, fiberglass composites, pillow fillings, fillings for sleeping bags, cushions, quilts, 
comforters, coverlets, mattresses, mattress pads, mattress toppers, fiimiture and auto upholstery, 
bedspreads, pile febrics for industrial and apparel uses, blankets, women's robes, sport jackets, 
car coats, int^linings, outerwear, floor covering materials, tiles, carpets, ba& mats footwear, 
ribbons and molded articles. 

Another suitable use for the copolyesters of tiie invention is as a eopolyester carrier 
material. For example, the eopolyester of the invention may be mixed with colorants or additives 
to form a eopolyester carrier material which may then be compounded with another polymer. 
The eopolyester may be blended or mixed by any suitable technology known in the art. 

EXAMPLES 

Rvample 1 Low Catalyst. Low I.V. Copolyesters for Binder Fibers 

A comparison was made between copolyesters formed with an I.V. of 0.59 and a low I.V. 
ofO.47. The eopolyester formed with the higher I.V. of 0.59 was made using a catalyst system 
with a high concentration of catalytic materials. In contrast, the copolyesters formed with the 
low I.V. of 0.47 were formed using a catalyst system having a low concentration of catalytic 
materials. 

A low I.V. eopolyester containing about 31 mole % 1,4 cyclohexanedimethanol and 
about 69 mole % ethylene glycol was prepared from 1,4 cyclohexanedhnethanol, ethylene glycol 
and dimethyl terephthalate. The reaction was conducted with an excess of tiie glycol component. 
The reaction proceeded by first conducting an ester interchange reaction step followed by a 
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polycondensation reaction step. The ester interehange reaction was conducted at a temperature 
ranging from 190 to 240 °C and a pressure of 1 5 to 40 psig in the presence of a catalyst 
system containing 16 ppm Ti (as tetraisopropyl titanate) and 46 ppm Mn (as manganese acetate). 
The product of the ester interchange reaction was subjected to a polycondensation reaction step 
where the temperature started at from 250 to 260 «C and ended at 269 °C to 282 °C. Likewise 
the pressure for the polycondensation reaction started at 75 to 200 toir and finished at 0.3 to 2.5 
toir. Prior to commencing a polycondensation step, less than about 10 ppm of a mixture of blue 
and red anthraquinone dyes was added to the catalyst system and a catalytic inhibitor comprising 
Merpol A from Du Pont was added in an amount of about 70 ppm P. 

The high I.V, copolyester, LV. 0.59, was prepared to have the same composition as the 
low I.V. copolyesters. As with the low LV. copolyesters, the reaction proceeded by first 
conducting an ester interchange reaction step followed by a polycondensation reaction step. The 
ester interchange reaction was conducted at a temperature ranging from 190 °C to 240 and a 
pressure of 15 to 40 psig in the presence of a catalyst system containing 56 ppm Ti (as 
tetraisopropyl titanate) and 46 ppm Mn (as manganese acetate). The product of the ester 
interchange reaction was subjected to a polycondensation reaction step where the temperature 
started at from 250 "C to 260 »C and ended at 275 ''C to 285 "C. The pressure for the 
polycondensation reaction started at 75 to 200 toir and finished at 0.3 to 2.0 torr. The use of a 
longer reaction time was required to obtain the higher LV. copolyester. Prior to commencmg a 
polycondensation step, 56 ppm cobalt acetate was added to the catalyst system and a catalytic 
inhibitor comprising Merpol A from Du Pont was added 79 ppm P. 

A HunterLab UltraScan spectrocolorimeter was employed for evaluating and quantifying 
the color and clarity of the three copolyesters. 



TABLE 1 



IV 


L* Color 


b* Color 


0.47 


69-72 


-0.5-+0.5 


0.59 


64.2 


2.7 



16 



Patent provided by Sughrue Mion, PLLC • http:Wwww.sughrue.com 



wo 99/10573 PCT/US98/17813 

As evident fiom Table 1, the lower I.V. copolyesters fomxed with the low catalyst concentration 
systems possessed superior clarity and color. 

Bm^l Bond Strengths for Binder Fibers Made with Low and High I.V. Copolyesters 

Copolyester pellets having an I.V of 0.47 and containing about 31 mole % 1.4 
cyclohexanedimethanol and about 69 mole % ethylene glycol were prepared fiom 1^4 
cyclohexanedimethanol, ethylene glycol and dimethyl terephthalate under reaction ^bhaitidhs 
simUar to that of example 1. The catalyst system used to form the low I.V. pellets contained 35 
ppm Ti (as tetraiospropyl titanate) and 46 ppm Mn (as manganese acetate), 50 ppm cobalt 
acetate while the catalytic inhibitor comprised Merpol A from Du Pont in an amount of 70 ppm 
P. 

The 0.47 1.V. copolyestar pellets were dried in a rotary dryer at 65 "C for 4 hours. 
Unicomponent bmder fibers were fi)rmed from the low and high I.V. copolyester pellets by mdt 
extruding the pellets into multifilament fibers of 9 denier/filament. The filaments were formed 
using a spinneret having 332 holes (0.55 mm orifices), a melt temperature of 233''C and a take- 
up speed of 100 m/m. The copolyester pellets of I.V. 0.59 from example 1. were likewise 
formed into unicomponent binder fibers, except that the peUets were spun at a melt temperature 
of 275 "C. 

The as-spun fibers were subsequently drafted in a 2-stage process (70°C water, followed 
by a heated chamber), 3:1 total draft ratio, and stuffer box crimped to 7 crimps/inch and an 88 
degree crimp angle. The resulting 3 denier filament fiber was tiien lubricated wifli a water-based 

finish and oven dried. 

Both the low I.V. 0.49 and high I.V. 0.59 copolyester unicomponent binder fibers were 
combined with 75% polyethylene terephthalate fibers to form an 3 oz/yd^ intimately blended 
carded nonwoven febrics. The nonwoven fiibrics were activated and subjected to bonding 
strength testing by bonding the intimately blended nonwoven on a press, with the upper and 
lower heated plates contacting the nonwoven with pressure. Activation was 30 seconds at 
temperatures ranging from 200 to 275 "F. One-inch wide strips were used to obtain the Instron 
tensiles at a 5-inch gauge length. The results of the bond strength tests are presented in detail in 
Table 2 below. 
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TABLE 2 

PETAJni-Component Nonwoven Samples 



Nonwoven Fabric w/Binder Fiber from 0.47 1.V. Copolyester 


Activation Temp. "F 


Avg. Break Force, g 


Avg. Elongation, % 


Avg. Modulus, g 


200 


333 


12.0 


12,637 


225 


820 


4.1 


61,637 


250 


2899 


15.3 


116,625 


275 


4837 


22.6 


97,984 



Nonwoven Fabric w/Binder Fiber from 0.59 1.V. Copol 


yester 


Activation Temp. °F 


Avg. Break Force, g 


Avg. Elongation, % 


Avg. Modulus, g 


200 


35 


18.5 


481 


225 


196 


5.0 


9,273 


250 


617 


6.9 


29,340 


275 


2366 


15.4 


71,949 



Similar testing was also conducted with a coextruded sheath/core bicomponent binder 
fiber, having a 35% .41 1.V. copolyester binder sheath and a 65% polyethylene terephthalate c 
having about 4 denier. Similar results were obtained. 



Example 3 Bond Strengths Testing of Binder Fibers 

Unicomponent binder fibers were fomied from a terephthalate copolyester containing 31 
mole % 1,4 cyclohexanedimethanol, 69% ethylene glycol and a dicaiboxylic acid component 
containing 100 mole % dimethyl ter^hthalate. 

A first unicomponent binder fiber was fomied from a first copolyester which was formed 
in the presence of a catalyst system having a low level of catalytic materials. For the first 
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copolyester, an ester interchange reaction step occurred in the presence of a catalyst system 
containing 35 ppm Ti (as tetraiospropyl titanate) and 46 ppm Mn (as manganese acetate). Prior 
to commencing a polycondensation step, 50 ppm Co (as cobalt acetate) was added to the catalyst 
system and a catalytic inhibitor comprising Merpol A from Du Pont was added in an amount of 
70 ppm P. The first copolyester was formed with an I.V. of 0.47 and possessed a denier of about 
3. 

A second unicomponent binder fiber was formed bom the copolyester pellets of example 
1 having an I.V, of 0.47. The 0.47 1.V. copolyester pellets of example 1 were formed in the 
presence of a lower concentration catalyst system. The second unicomponent binder fiber 
possessed a denier of about 3. 

The first and second unicomponent binder fibers were combined with polyethylene 
terephthalate fibers having a denier of 6 to form a nonwoven fabric. The binder fiber comprised 
25% of the nonwovai febric with the polyethylene terephthalate fibers comprising the other 
75%. The nonwoven web containing the binder fibers activated and subjected to bonding 
strength testing by the procedures described in Example 2 above, except that the upper and lower 
plates wwe gapped to allow touch contact, without any pressure registering on the pressure 
gauge. The results of Ae bond stroigth tests are set forth below in Table 3. 



TABLES 



Nonwoven Fabric w/Binder Fiber fiom First Copolyester 


Activation Temp. °F 


Avg. Break Force, g 


Avg. Elongation, % 


Avg. Modulus, g 


300 


2,591 


18 


31,636 


325 


2,476 


26 


17,340 




Nonwoven Fabric w/Binder Fiber from Second Copol 


yester 


Activation Temp. °F 


Avg. Break Force, g 


Avg. Elongation, % 


Avg. Modulus, g 


300 


2,434 


17 


45,586 


325 


2.661 


21 


27,966 
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As shown by the above Table 3, the use of differing levels of catalyst materials within the 
scope of the invention did not appear to significantly effect the binding strength of the binder 
fibers made with similar intrinsic viscosities. 



P.vaTnple4 

Unicomponent binder fibers were forined firom copolyesters containing 31 mole % 1,4 
cyclohexanedimethanol, 69% ethylene glycol and a dicarboxylie add component containing 100 
mole % dimethyl terephttialate. A first unicomponent binder fiber was made fiom the low I.V., 
lower catalyst second copolyester of example 3. A second unicomponent binder fiber was made 
ftomthecopolyester of example ! having an I.V. of 0.59. Both the first and second 
unicomponent binder fibers were made by the process described in example 2. Intimately 
blended carded nonwoven fabrics were made fiom the first and second unicomponent binder 
fibers by the process described in example 2. Bond strength testing was performed similar to 
that described in example 3. The results of the bonds strength testing are presented below in 
table 4. 

TABLE 4 



1 Nonwoven Fabric w/Bmder Fibar firom 0.47 1.V. Copob 


/ester 


Activation Temp. °F 


Avg. Break Force, g 


Avg. Elongation, % 


Avg. Modulus, g 


225 


133 


7 


5,841 


250 


393 


6 


15,827 


275 


883 


12 


29,362 


300 


2434 


17 


45,586 


325 


2,661 


21 


27,966 






Nonwoven Fabric w/Binder Fiber from 0.59 1.V. Copolyester 


Activation Temp. °F 


Avg. Break Force, g 


Avg. Elongation, % 


Avg. Modulus, g 


225 


45 


20 


652 


250 


219 


5 


7,947 
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As shown by table 4, the bmder fibers formed with the lower I.V. of 0.47.possessed 
higher bond strength at lower activation temperatures. 

Low Viscosity PET Copolyester Containing 30/70 cis/trafls mixture of 1 ,4- 

cydohexanedimethanol. 

Apolyethylene tcrephthalate copolyester was formed from a glycol component and a 
dicari)Oxylioaddcomponent.Theglycolco«ponentcontained31moleo/oofa30/70ci^^^ 

mixture of 1 .4H.yclohexanedimethanol, and 69 mole % ethylene glycol, m dicarboxylic acid 
component comprised ICQ mole'/, dimethyl terephthalate. The polyethylene teiephthalate 
copolyester was preparedbyameltphasepolycondensationpiocessusingacatalyst^^^ 
containing 32 ppmTi. 46 ppmMn. 50 ppm Co and TOppmP.Thepolyethyleneterephth^^ 

copolyester formed had an I.V. of 0.50. 

Pellets of this copolyester were dried at eO'C for 2 hours and then melt extmded mto 
multifilament fibers of 9 denier/filament using a spimieret having 332 holes (0.55 mm orifice) at 
a take-up speed of 1000 m/m, a melt spun temperature of 240«'C and an extrusion rate of 43 
pounds per hour. A velocity of 145 cubic feet per minute was used to quench the filaments 
during extrusion. The as-spun fibers were subsequently drafted in a one-stage drawmg process 
usinga68«>Cwaterbath. The fibers were stuffer box crimped to provide 7.5 crimps per inch and 
a crimp angle of 90 degrees usmg a clapper settmg of 9.5 psi with no five steam. Ihe fiber was 
driedinarelaxed state at60-Cfor2minutes.Tlier^ultant staple fiber was detemiin^ 

3 denier per filament. 

Good results were similarly achieved when the copolyester was not dried prior to the 

spinning operation. nurwA 
Fibers were also readily produced from PET copolyesters containmg 22 mole % CHDM 

(I.V. 0.40) or 45 mole % CHDM (I.V. 0.49). 



21 



Patent provided by Sughrue Mion, PLLC - http:ffwww.sughruB.com 



wo 99/10573 PCT/US98/17813 

Example 6 Preparation of Nonwoven Web 

A 3 denier per filament, unicomponent binder fiber firom Example 5 was blended with 
polyethylene terephthalate staple fibers (2 1/4 denier per filament) to provide a blend containing 
20 weight % binder fiber. A 1 - 1/4 oz/yd^ intimately blended nonwoven web was formed by 
carding. The nonwoven web was bonded by conveying the web through an infrared oven, 
followed by hot nipping (80»C). Good machine and cross direction tensile strength and 
diapeability were obtained. 

Good bonding was also obtained by passing the web from the card through an air flow- 
through oven at ISO^C for a two minute dwell time. 

Binder fibers from the compositions of this invention were determined to be ultrasonic 

and radio frequency activatable. 

Rvample? Preparation of aBtightly Colored Nonwoven Web 

A 1-1/2 oz/yd* nonwoven web fabric was produced sraiilar to Example 6; however, the 
matrix polyester was colored red. The clear, non-opacpie bonds provided by the unicomponent 
binder fiber from Example 5 minnnally affected the brightness of the shade. This is an 
. advantage over isophthalic modified polyethylene terephthalate copolyester binder fibers which 
generally are more opaque and often contribute to a frosty, hazy looking appearance on dyed 
goods. 

Ryample 8 Sheath/Core Bicomponent Fiber 

A 50/50 sheath/core bicomponent fiber was made using polyethylene terephthalate 
homopolymer G-V. 0.54) as the core and a polyethylene terephthalate copolyester similar to that 
in Example 5 G-V. 0.41) as the sheath. The bicomponent fiber was formed as follows: 
Crystallized, dried peUets of PET were melted in an extruder and fed as the core at a meh 
temperature of 295''C. Dried pettets of PET copolyester were transported to the feed hopper of 
the extruder feeding the sheath melt stream. The sheath stream was extruded at a melt 
temperature of 225 "C. The molten streams are coextruded through a spinnerette having a 
sheath/core hole configuration at metering rates adjusted to produce fibers havmg a 50% 
copolyester sheath/50% PET core. A similar 35/65 sheath/core bicomponent fiber was also 
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produced in filament and staple fom. The fibers were drawn with draw roll speeds to produce 4 
denier per filament fibers which were thrai crimped and cut into staple fibers (5 1 mm long). 

These bicomponent binder fibers are usefiil in making nonwovrai fabrics and high loft 
battings in combinations with polyethylene terephthalate and/or other matrix staple fibers. These 
binder fibers can also be used in 100% form. 
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We claim: 

1 . A binder fiber comprising a copolyester formed fi-om the reaction product of: 
a glycol component with a dicarboxylic acid component, 

wherein the glycol component comprises 1, 4 cyclohexanedimethanol in an amount 
ranging fiom 10 to 60 mole % and ethylene glycol in an amount ranging from about 40 to about 
90 mole %, wherein at least about 90 mole % of the dicarboxylic acid component is selected 
fiom the group consisting of adds, esters or anhydrides of terephthalic acid, 
napthalenedicarboxyUc acid, 1,4-cyclohexane dicarboxylic acid and mixtures thereof, and 
whaein the copolyester has an LV. of between about 0.36 to 0.58. 

2. The binder fiber of claim 1, wherein at an activation temperature of less than about 275 
«F, the binder fiber possesses superior bonding strength when compared to a binder fiber formed 
fiom a copolyester having an I.V. of 0.6 or higher. 

3. The binder fiber of claim 1, wherein the binder fiber may be activated by ultrasonic and 
radio fiequencies. 

4. The binder fiber of claim 1 wherein the binder fiber has a denier ranging fiom about 1 to 
about 20. 

5. The binder fiber of claim 1 wherein the binder fiber is a uniconqwnent binder fiber. 

6. The binder fiber of claun 1 wherein the binder fiber is a bicomponent binder fiber. 

7. A copolyester comprising the reaction product of: 

a glycol component with a dicarboxylic acid component, 

wherein tiie glycol component comprises 1, 4 cyclohexanedimethanol in an amount 
ranging from 10 to 60 mole % and ethylene glycol in an amount rangmg from about 40 to about 
90 mole %, wherein at least about 90 mole % of the dicarboxylic acid component is selected 
fiom the group consisting of acids, esters or anhydrides of terephthalic acid, 
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napthalenedicarboxylic acid, 1,4-cyclohexane dicarboxylic acid and mixtures thereof, aod 
wherein the copolyester has an LV. of between about 0.36 to 0.58. 

8; A copolyester according to claim 7, wherein the L* value is greater than about 65 and 
the b* value ranges from about -2.5 to about +2.5 . 

9. A copolyester according to claim 7, wherein the dicarboxylic acid component is an ester 
or mixture of esters of terephthaUc acid, napthalenedicarboxyUc acid or 1,4-cyclohexane 
dicarboxylic acid. 

10. A copolyester accordmg to claim 7, wherein the copolyester is formed in the presence of 
a catalyst system comprising about 10 to about 35 ppm Ti. about 30 to about 70 ppm Mn, about 
0 to about 90 ppm Co and m the presence of a catalytic inhibitor comprising about 40 to about 90 
ppm P based on the weight of toe copolyester. 

11. A copolyester according to claim 7, further comprising an additional dicarboxyUc acid 
component in an amount of up to 10 mole % of the dicarboxyUc acid component, wherdn the 
additional dicarboxylic acid component is selected from the group consisting of aromatic 
dicarboxylic acids havmg about 8 to 14 carbon atoms, aliphatic dicaiboxylic acids having about 
4 to 12 carbon atoms, cycloaliphatic dicarboxylic acids having about 8 to 12 carbon atoms and 
esters or anhydrides thereof. 

12. A copolyester according to claim 7, wherein the glycol component comprises 1 , 4 
cyclohexanedhnethanol in an amount ranging from 20 to 40 mole % and etiiylene glycol in an 
amount ranging from about 60 to about 80 mole %. 

13. A copolyester accordmg to claim 7, wherein tiie glycol component comprises 1, 4 
cyclohexanedimethanol m an amount ranging from 25 to 35 mole % and etiiylene glycol in an 
amount ranging from about 65 to about 75 mole %. 
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14. A copolyester according to claim 7, wherein the glycol component contains diethylene 
glycol in an amoimt up to 20 mole%. 

1-5. A copolyester according to claim 7. wherein the I.V. value ranges from about 0.41 to 
0.49. 

1 6. A copolyester according to claim 7, wherein the copolyester is formed in the presence of 
a branching agent. 

17. A copolyester according to claim 7. wherein the copolyester is capable of being melt spun 
into a fiber at a temperature of less than about 270 "C. 

18. A copolyester composition comprising the copolyester according to clahn 7 and an 
additive selected from the group consisting of a pigment, a colorant, a stabilizer, an antioxidant, 
an extrusion aid, a slip agent, carbon black, a nucleating agent, a flame retaidant. a filler, a 
conductive material and mixtures thereof. 

19. A copolyester of claim 7, wherem the copolyester is in fibrous form. 

20. The copolyester of claim 19. wherein the fibrous form of the copolyester has a denier 
ranging from 20 to microdenier sizes. 

21. A fibrousstructurecomprisingafiberformedbymeltblendingapolyolefinora 
fimctionalized polyolefin with the copolyester of claim 7. 

22. A copolyester comprising the reaction product of: 

a glycol component with a dicarboxyUc acid component. 

wherein the glycol component comprises 1. 4 cyclohexanedimethanol in an amount 
ranging from 10 to 60 mole % and ethylene glycol in an amount ranging from about 40 to about 
90 mole %. wherein at least about 90 mole % of the dicarboxylic acid component is selected 
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ftom the group consisting of acids, esters or anhydrides of terephthalic acid, 
napthalenedicarboxylic acid. 1,4-cyclohexane dicarboxylic acid and mixtures thereof, wherein 
the copolyester is fonned in the presence of a catalyst system comprising about 10 to about 35 
ppm Ti and wherein the copolyester has an I.V. of between about 0.36 to 0.58. 

23. A catalyst system for producing a copolyestar comprising: 

a catalytic material comprismg about 10 to about 35 ppm Ti and about 30 to about 70 
ppmMn; 

a catalytic inhibitor comprising about 40 to about 90 ppm P; and 
an effective amount of a colorant to produce a desired color; 

wherein the total amount of catalytic materials m the catalyst system is less than or equal 
to about 125 ppm. wherein the amounts of the catalyst system components are based upon the 
weight of the copolyester product formed wifli the catalyst system. 

24. Hie catalyst system of daun 23, wherein the total amount of catalytic materials in the 
catalyst system is less than 100 ppm. 

25. The catalyst system of claim 23, wherein the catalyst is substantially free of Sb and Zn 
catalysts. 
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[00061 igr y^^>"(k^Wi-'^«ffl^®^^ 

[00071 HiMmm^mm-htzMz. ^y^';^h 

- tni-?T^Ux;;!.r/KO-feP (b€) {M^-t?.^ 

^ . J xxr /K^m^^^^i*''®"!^ ^ '-^ 
[ 0 0 0 8 1 . fltJ^^^^ Wb^ftk t-C > 



[00091 tfz. m^5 9-46 25 8^mi<Z\i 

. ttzm^ 5 8-3872 2^4^^fBt{if-t5' 
y-lb^ftfcS'J yfigxXT;Wi:S:RJK$^t:#*>ix^4 

mi. ^ti^ti^o:^^'rmmmtixm-t 

[00 101 

loom 

[00121 •r'5ri5*>, rW^^'iHJ 
<0T;W^ y ^ U a-zi-xXr^WRl^-et^ffifi-^k ^ 

V7^ )m<r>7>\^^ V y^'-^ rI-;^xxr;^a^/^■?■^o^6 
m^i¥tim.-^\iimMtv. mu<7y^Ti>zm^t 

-Citg-^;K»JxXT^l^4?'J^-S:#l.t:Klt. HSJiSli: 

UT. Tia^ ( I ) x-m^ixt^^y^^^'^^'^i^ 

(II) -C'«§ixl.'Jy-(l:-^k5:, ^rJ'yTcfRW^'l' 

gcicM^i. 'J ym<^^f^ ( p/T i ) *n~4 k^ 

mi:^ttX. 5 0~9 0*;l-%SrX^^^^^^ 

^i^_>,^fi*5A«6. 5~5 0=e;w%?rx^v:^'fV7 

^^_V^(4*JAtf>. iIW«iS*^0. 35-0. 60(?) 

Kiif$>i.*fi^*f uxxf-;i/?:#i. - 1 mmtt 

[00 131 
[<fc4l 



8-222 9#^i^^l^t±*M'lt^^ y $r , tfzWk'SkA 
7-2659 7^^if?filC{i« ^B^^ ^ -?-it-?*T.!l^ 

RjO-Cn(OR,)(ORi'))B-ORi 



(I) 



[00 141 



(ft 5 1 
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(R2)«-(0)p-Jj — (( 
0 



<n) 



(iC-f. R,«K3jN*2~l 807;i/+;«. XttK*»6~2 0(D7U-;V«T 
*D, pHOXttl-e*^-C. p««l<0«fttnW:l. p*«0««ttnttlXtt2 



[00 15] 

[0016] *^Bflc7)itfi-gr^'Jx;?.r;Wi. M?K'Jx 



U 7 ^J' ;1/Kb£^'-A'^ 5 0 - 9 0 t&«)T V i S >I k A^^'iJ 
^•C'J>S. KrU7^;ue^^*55 0^;U%*)lt-J>l> 

<'5:l>.-*, 9 0*;W%$rMx6i:®-^viA>Tg<^S 
flu, ««14t>fiST^S. 

[00 17] ita^;K'JxXT;US:fll^-tS^i^' 

5 0t/l/%$-ilix.l)k, 3;thWt:^'f>Ji:'5:Sfl!l, 

7 7 ^:/W%iaJ: 5 0 WTT'J) 2. d t 

[ 0 0 I 8 ] $ f>tc. *^BJc7)Jtfi-&;KUx;!.r;U±, 
i^a-ar7K'Jx;^r^WS:1«fi!<;-ri)^/y rj-zUfilS^Sra 
mt LTxf-wy^U3-;pjS;i>*^'9 o^r/u^WiA'*') 

^rv\ ^xf-vy/U3-^l'fi£^i'<0*f*l->'^IEffl{i9 5 

[0019] *^Bflcosa-&,t>'JxxT;i/Ollfl*iSK 
(^;Wh^'OQ7x/-;l'i§M4'3 5X;-C?Pll^) {i, 

0. 3 5-0. 6 0«lelll-*)I.C:i:*^''-£:^t*?>« 
@]*^fi«*^0 . 3 5 J: O^Kv^t , it2^;K'JxXT;Wi^ 

h<nbti:h. tfz. 0. eOcfcOtSv^k. 

i^ffi-tr'-K'JxxT^i-coilW^te^tio. 4 0~o. 6 0 
<OlEBI*W^t<. 0. 5 0—0. 60cojEH*^$'^t 

[00201 xxf /Wi^-cO^^ttSr 

ii!i^m-<^)\{i-'j)-i^'^''si L'c V rc j,^ < , mn£-y 7 

y 7x--/i.x-f-yi'>-V;A'-t"yfjS, v7x--;i- 



7xx/My/>'v''?!?;i'^yis. 5-;^/i'*=^fWV7 
:J';l'K^SJS, S-x/i-^^i^^ y7:5';i'Kjn:^*-|> 

TT^rJ'yi:^. T-t:7^yiS, -fe^'^vyKs '^yr 

/jfut^ymm(omm,i^:^i\^^^y . h y ^ ^ 'J 

*ja-)V'. T;<7^f-i/y/'J3-;L', ^«:t^yf-uy^' 
;KUx^V'y^Un-;i', .-KUrb^^f-uy^^ 

v:7n^^-tyv^^'y-;L'^iOfllii5^^'J3- 
yP, o-='fi/'J^y^'''J3-;P, m-df-v-Ul'y/Un 

-/w, p-dE-i/>juy^^U3— .'I'. 1. 4-t:;^{2- 

hh'a=>fv'Xb^i/) '<.y-b'y, 1> 4-t:x(2-h 
Ho^v-Xh^i^Xb^i/') ^y-lry, 4. 4' -tX 
(2-t Hn^vxbdfi^) t'7xxyu, 4. 4' -h' 

X ( 2-t HDdf i^Xb^v-Xb^Jfi/) t"7x-;t', 
2, 2-f X [4- ( 2-t Kodfi/-Xh^i^) 7xX 
;U]7-aA-y, 2. 2-t'X [4 - ( 2-h Hodf-i^x 
hdfv-Xhdri^) 7xXyl/] 7*a>''?y. 1. 3-t'X 
( 2 -h Kndf>-xhdfv') ^y-fe'y, 1. 3-t'X 
( 2-t h'p^v-xb^i/xb^fi^) Ky-fe'y. 1. 2 
-t'>^ (2-th'n^i'Xhdri') '<.y-*^y, 1. 2- 
t'x (2-bHn^>-xh^v-xh^j/) 'vy-fe'y, 

4,4' -fx ( 2-t Fo^v-Xt-di-i^) i>'7x:^;l' 
X;l/7t:y, 4. 4' -fx (2-tFadfi^xh^xX 
b^fv) j/7x-;i'Xyu*ylf<o^#St^U3-;i', t 
Ho^yy, 2, 2-t'x (4-t KoJfi^7x-;i') 
7*DyN*y, l^y/W-yy. :7!7-f:3-^t', -ytYxi^i^i-y 
^Vy, Fo^v'b"7x-/l'. Fn:3fi'J^'7x 

x^i/xyi-* ym> i/-7:Lj -jvwmifWif hKh. cm 

[002 1 ] *%Hflt'fflt >^>ix?>*fi-&^'JxXT/l^4' 
[0022] *^njlf:)tt-ffi<i-.-K'J xx 7^;KiTiE-fc^ 
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( I ) xm^tihi-^'yit-^mtTii-m. ( 1 1 ) t- ^.^h-mti'^h^. 

mtlh U yit-^li^t i:^^ y7iMff)t)miznth 'J [0023] 

y7m<r>t)m ( P/T i ) *n-4 h=&:?>lEffl£Offljs lite] 

R]0-(n(ORi ) (OROVORi" ( I ) 
(5)!:+> R,.R;,R,",R,'Jte~ioH©^*®^*#ra7;i'*;v«&«b. r,.ri*. 



[00241 



(R2)«-<0)p-jj — (OIDjhi 



[fl:7i 



(n) 



R,t4ea^2~l 8©7;i'+;i'a. Xttfii«»6~2 0©7U-JV«-C 
»D, pttOXttn?»-3T. p)»»irominttl. p«toc«BnttlXB:2 



[0025] C^T^^ y7C«<7)^:^Hitt-*ltl. 'J VTC 
^co^r^uic (P/T i ) *n J: O'h^v^^, mhiih 

( P/T i ) til . 2~3 . 5ff)mS0^t. L 

<, 1. 5-3. 0iOjEH*^'$A>l'»^ tV^. 

[0026] tfw, X'fb-^^^i- (I ) 'J 
«^ (II) x^^y^U3-;W* 

CTx.ii''J>"fb-^tt (II) t^hts:hmt:t.^\^y9'^) 

^ JST L , RB^ ^ 0 "C~ 2 0 0 'CcOvSSl^ 3 0 ^^raliy 
±, i?^ L.<{i:6 0~l 5 0'C<7)?aK{c4 0~9 0:^'- 

[0027] ;it'±iB5t ( I ) x-mfih'i-^yit-^ 
[00 28] tfzm^ (II) -c-a^ix^ 'J ^ft 

tLr(i5^+iOp/?>'0cOti-&:i, ^RK, 7xx;P7)-«;?. 

7i->if, ;^f-yW-.7,*yB§, xf-;U7nx*yK. roh° 



;Jfdfj^7xX;l/<i-.XJ}^yK, 4-X7;W?J<^i'7xX;l/;^ 

x;j->y®. 2. 3-'J^}\'^-^'-^y x~tvii^:^i\r>yf&. 
2, 4->''*;w#^j^7x-;i^*;^*yS, 2, 5-'>' 
*;u#'^i/7x-;u*x*yK, 2, 6 /w^^y 
7xx;W*X*y®. 3. A-'JiDVTf^^'yy 

y^ii^y^. 3. 5-y;!!7;i^#^i^7x-;i'*;^*^^. 

2, 3, 4-h'J;^;W'tC=3fv'7x-;l'*;^+^yK, 2. 

3, 5-h'J;<7/l'^^>'7xX;W*x*y®. 2, 3. 
6-hy;&;i^'tc=^i^7x— ;W7^;^*yi!« 2, 4, 5- 
h 'J x ::^;u*;z.)j^yKs 2 . 4 , 6 - b 'J 
;:7;l/;J<df x7 x-;l^*X:1-^yig^S:WI. ^ ht)^X'^ 4 

1> ^ y 7 'J yi?*»'jif S L v ^. 

[00 29] pt^lffM^MmUf, ty^^/l- 
*X7x-b. tyx^;U;nX7x-b, ^yh'J^-f" 
yP7^X7x-h, ^y- n-7'^yl/*;^7x-h, 

's^-yyu^xyx-h. ^y^rf-ivt^y^v 3.-V . t 
yy-;U*;^7x-h. ^yri'ypJf^X7x-h, 
K7-'y;u*x7x-b, ^y7x-;W;^x7x-h, t 
y^yy>*x7x-h. ty (4-h'TV;w) 7x- 
;W*;^7x-b, (4-;<^;W7xX;l/) *X7x 

-h. ^y (4-xf-;t'7x::^;i^) *x7x-h, ^y 

(4-7'DhVU7xX;W) 4^X7x-h. ^/ (4-H 
ry^i'7x-;U) *;^7x-b. ^7 h'J;i/d-vX7x- 

^y^yU/l'^^X7x-b. ^:yh'7xX;W-i;X7 

^ 7^7^;u*x7x-hs ^yryv'J^w* 

X7x-hW*^W^tLl.. 

[0030] hU^ ( 1 ) T'«$i^l.f-^'y•(l:-&Wi'f■ 
i«^Tia5^ (III) c7)0.fii^/U7i-:yf^J^t^/Xti^co^ 
7K!t?!i t Ric- $ -tl- -C ffi ffl -r ?£ <iT i t < ffl »' ^ it o 
-?-(JOti-&, ^9y\Y/s'^t g'ii;^/i''i^yfi'l&y^/X(±-e 

COfc^KttWRjet^l-JrbJi ( 2 : 1 ) ~ ( 2 : 5 ) 

■//,w*L^>. mmti^^miki (1:1)^(1 

2 ) t' ?)^. 
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[00 3 1] 

/=v^COOH), 



[00321 *%Bfloftfi-&;KUxxT;Wc-&*tLl.-f 

^yytmaii-^i^itll\^^^yM^^i^^l' 2~4 O S 'J^ 

m&i}'^ 2 5 U ^ ;U%*)li7)J©-&{±fi-g-RJS*5a< ^ 0 . 
4 0 5 V'tJl'X^mx.i^ii^^^i^^^'J^^^'^ 
•ftp**. ^^tc^rO, *>o-?-oi^35l4*«ffiT-ti>c:t*5 
$,0»*t<^:v\ ^^y7c«aJ5~3 5 5y*;i-% 
iO^BIAW^ L<, 10-305 U ^)i'%<7)fmtfi^ h 

[0033] ^mi<r^!^'&Mmi. --KUx^l^ >T 

t,-«<7)4t 'J XX r^W t ±iE««^^'-J xXr/W t *»A> 

[0 0 341 ZLX\ ;K'JXf-Uyf ^:7^'^-hm;K 

J^fcLT. x-j-ixyf h^O)iL*{it*^'9 0 

^;l.%m±. ffiL<{±9 5^;k%)aJi. ;K'JhU>^ 
wy7"U7^'V-b^'KDxj:?.T;i'i:{i, M^yxxr 

:J'i/-h^D5iL#{a*^'9 0^;u%tLh, »tL<ti9 
5^/\^%a±.. ;K'J7-^l-^r^7:5'W--h^5KyxX 
r^WfcJis MH^'Jxxr;K?)ifell')3iL#fi[SrS5Pi:L- 

%tJLJi. Sf^ L<t±9 5tyW%tLh?:A«^)l.'-K'JxXT 
V> d . ZtL(yTt^V XXr/W^ttJ-tcO^KU XX 

[00351 *j%BS<7)S!itg*ttgiifetlcffiffl-ri.'-KUx^ 
U'yTU-^rJ'V-hi^iKUXXT/W. ;lt'JhUX^U>' 

f V-7^'W-h^^'Jxxr/l'. ;K'j7'f-L'yrV7^' 

x^^h^tmtK. !t$t=rKUx^vyT^7^'v- 
[00361 :^?i'ammmm,mizmi-h^'J xf- 

Vy-fb-7:?U—l-.%K'>'xxf;l-, ;K'J hU;<f-^•>' 
r U 7 U - 1- 'J XX f /i^ . 't° 'J 7'f - 1^ y r w 7 
i,._|.^^;KijxxT/Ui7ji]-^!Kimii?S«^7-f;i.- 
A. ,i<b;l-#c7Mn°ntcffiffl$ix^0. 5 0-1. 00 



[00371 *^BB<0iigf^1^*tl=*5V^'C , ^BKii- 

tixm^tii^M'^^'j^^y-M^^ '>^j:<tum 
^mmmm^zmmth'jii^t^h'o . tmm(^4o%vxt 
i^iibx\.^iiioi,zm&tx\.^^^tti^ntL\<\ *a 

»3it<{il 0~7 0%. J:')»*U<ti:3 0 
~7 0%. !|t{C»tL<li3 0-5 0%t:'$)l.. 
[00381 CICOJ: a ^m-&»®5:^t^1t-&mit 

m.^^nm<^^^ ^S^;^^'JxXT;^S:?Sl^^i:t 
XUL. ;Kl»xf-l'yTV7:$'l'-l-*JKUxXr/K 
-■K'J7"-?-^yTW7:?l/-h^'-K'JXXx;W, ^{i 
d< U > U y r v 7 b U xxx/P^ov ^■f 

m\.z0fti:<h{^n^th^o\,zmth-mi3'^hi>. $ ^> 

[00391 :i?.mfr)m^immi. 

m^m^sm^^ i oaLi%KUi-irtffl!2i^i:<o 

[00401 *i^BHc7)f!!ifg€ttaiS«{4, ^ 'J XXT^W^ 
[004 11 

[nsfi^ji wmimix^h>,zmmzwm- 
^%mii:itiizm&^tiihff)X'm\\ tcism 

( 1 ) a^ttS : Jr/l^h^o;l'7xy-;l'2:^j«i: 

3 5*ctii^L.. ^commm^k^izx*)^>ibt:. 

(2) ftp (LttJit/b<i) : dt'j7-Kf-l^2 9 0 
'C, WSTTl O^^JiMU, C:il^7/W5x'>i>,M± 
T'JIS3. 0±1. OmmWrV-Ml^^Jti/tf-felC 

^^x-Mi^ I . iirv- b ^ 1 6 ox;, i mm^mm 

ttSAy^'-SfellthCR-2 0 OSrfflviTail^LTt. 
J: 5r ^ L , b (iti <- coM//;>c § v ^{5 

( 3 ) ^a-ju^-^wfi : 'J ^'^nwM9txmmfs.mw.3 

2 7 0&fflV>TiPJl5ELfc. 

( 4 ) 1i^m^5& : J 1 S L 1 0 9 6 iaikW:>5rv£(ciiSM 
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IX ^P^fSm 10cm, W^M&2 0 c m/'^^iZX 

[004 2] [##f?i]l]xf-U'>'^^'J3-;H3ia 

■1134. 5mmz. ^^^ZXi-Wy'/Uri-)\y4 0 
saaas^rSlB^-t^rfc. *l<?>tL/cR*B^S: 1 2 0°CT6 

[004 3] [##j?l|2] Xf-l/y/»J3-^W2. 5m 

^ «J «y Mg«=£;l-fii&«'*fc 0 . 5 ) 5:WT 
icORffi^?:^*. «ffiT. 8 0-CC6 0^^raft 

^&izmi. iztuzr-^hyismMmmt. ^aj 
m^o. s^ffi-c-TiiL, SKt, ^nsrioo-cco 

[00 44] mz. x^i^y/'j3-;n3imsai* 
{.zy ^=~)vt'.xit^ym . 1 2 o-aci 0^ 

4 5fiMglit> $f>tcx^lx-yi/'J3-;l/4 0aftlR 

srjDiL/cf4. zMz±ii^^yit^5. otmm 

[004 5] [##iJ113]X^Uyi/'J3-;H3 1fi 
ftgi543fc:ty-n-y^;U*^^7x-h3. 5fifta!lr 

1 2 0-Cl:l O^PBlM*t-C-^fBt?t, ^toxf-l^y;/ 
•J3-;«134. 5aft^lC. ^(btx^l'i^/U 
3-;i/4 oaftaJSrUDtJtt*. d^cf-^^yr h -^T'b 
^ V- H 3 . SttftgPSr^S^^^c. 1 

2 0°Ct-6 O^^^^JitfL. yit-^^t^y- n -7' 
f-;U7i-.X7x-hkSrRjDS-li:. R)SD&B!t!|?!lS:-&tfl5!!!Ji 

(±0. 3fia%t'3b^^c, 

[0 04 6] [##15114] x-?-^y^U3-;U2. 5fi 

?i?stc^^y^i^57'h^i-Ho. imm mi^'J 

x.Xi-iWMMzmv^hixhMyy-h'J^ 

fiitffiiVi > tt 0 ; 5 ) $:?iST L . Cc^jKfE^^S: 

3E^4' , ^ET - S 0 "C ic 6 0 mm t T -7- y r 1^ 
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ixicr-fehyi 5fi*gP*ini., *faii)?rNo. 5^ffi 
t-mt, fiaixts ^*iS:ioo"ccoiast'2i^siEii 

[0047 ] J^lc. x^l^y^'Jn-^H 3 laagB't' 
tct/-n-7^;P*:^7x-h3. 5tt*g62:l20 

•Ctcl0^i-ISIMitT^»tfe. ^coxf-vy^'Un- 

)vmm\3A. 5Ma5ic. $<c.{ix^w>'^^u3-;i' 
4 oMS?*tpt/if*, inic±i2^^'y'iii^!»^5. 0 
-mmmm'^f^. #^>ti;tRis^s: 1 2 o^ct'e 0 

^5-^JS#t. ^:J'y'lk-&!fiJi:=E/-n-y^;i'*X7x 

~^Wz. i(7)8ijS5x5'J-<O-f-;S'y-^*i0. 3M 

[00481 [^iiCTl] TW7^';W®6 0gg, ^77 
^';WK4 0gl!, x^^y^'JnwMSSfiSr 24 0-01; 
fcv^-Cx;^.r/^■^l:R^5$^^, »:v^T•1t^>i^)tR^E^!B!l 
^igSJiW^ftBl^ffl 7 9X3^Ati, 2 0 %(rmt^ 
:J'yxf•^'y/U^-y^X5U-5rl. 7gS, fi^fi* 
^i:fC##«l-cmUcX7U-l. 9 2M:g|5 

X . i-^yM.'¥-mmx'2 oio ) mmmt 

L^-^,^5>/_;l,y,l,_0. 000 lfift^5rJint, 
tlfz'mm^2 8 5"C, 3 0 P aCOsKSETT'SJS 

v-<7)@Fttt®iO . 5 7 QX'h-ifz. 1 t=7rc 

-r. 

[0049] [|ISfe£?"J 2-4 . JtW 1 ] ^tfi^J 1 
v>-c, JsBK&aii^fOttJOl^^tJtcitJyi'Mi^ 

[00 50] imm5'\mmuzi5\^x. ^vy^ 
)VmmhZt^£<. r^7^;H!Srl0 0a5^t 
fc:: tm(il5iacol»ff^^ToT , S^fiiSO . 6 2<o 
;K'J xf- V yf- W 7 ^' I'- b Sril^vi. 

[005 1] mmm 5 ] ^isiJii 1 (nmn'%(:>fd-z^ 
^■^ii's^)3LXT}vmmhL. mm5xwm.uzrs 

^)x.^vyTvy 9V"-v^l&'^^tLX . SS/*;=5 

0/5 0 ^mit) x'immu-^tSim±ti^(>mmA^ 

t, 8 0 0m/^J-<?)j««t'?l#flXo7t. ^IW^. Si^* 

w??iBJijaK{i2 4 ox:, ,-E;is^co?miag?« 2 8 o-ct 

[0052] #«^tlf^*5Sff*2:®l*SlS6 Q-C, 

3 . 0 ^X%W L , $ A>t::m!Sa* l 0 %tOtf «b$:4 
^y:., I^^l'^t-- '\%Cr,ixtzmm'.^^'olmm(r>f<^[Z>^ 

[00531 iMtc7-J^lDiBitiiittl.ftfi^^''JX7.r/l. 
[0054 ] - 0**itg-^M*tt2 Offlftget , hft 
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[0055] [mmme ] m<r>mm^'j x;?.r;wiSr 
[00563 immmi ] z^<r>^^j:cxTf\^iiiiv y^f- 



[0057] [UlifiMS ] 'J xXt;U h 'J 
^ ^ k y r 7 i mi'Mi^MfH 5 1 15| 

fzT^fm<0W^m.ii 1 8 0 N/ gT'J>-p/i, 
[00581 

[^n 







mm 






mm 


fi;<ntnoI!0 


L 


b 


SbCpinO 




mm 


20 


0. 570 


77. 7 


4. 4 


0 




mm 


20 


0. 572 


77. 2 


4. 7 


0 




mm^ 


20 


0. 57 1 


77. 4 


4. 6 


0 






20 


0. 57 5 


77. 9 


4. B 


0 




SbgOa 


20 


0. 577 


72. 5 


4. 3 


240 



[0059] 



F^^-A(##) 4J029 AA03 AB04 AC02 ADOl AE02 

BA03 CB05A G06A HAOl 
HBOl HB02 JB131 JC571 
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Title: 

BUILDING PLAN PROPOSING SYSTEM, PROPOSING METHOD FOR 
BUILDING PLAN AND BUILDING PLAN PROPOSING DEVICE 

Abstract: 

PROBLEM TO BE SOLVED: To provide a building plan proposing system giving a 
support so as to propose an optimum building plan corresponding to a demand of a 
customer. SOLUTION: The building plan proposing system is provided with an 
information input means 2 for inputting basic information and demand information of the 
customer required for building plan computation, a site zoning computation means B for 

computing one or more of site zoning from the basic information and the demand 
information, an intra-building zoning computation means D for computing one or more of 
intra-bullding zoning from the basic information and the demand information on the basis 
of the site zoning, an intra-building layout computation means F for computing one or 
more intra-building layouts from the intra-building zoning, the basic information and the 
demand information, and a building plan computation means H for computing one or 
more building plans from the intra-building layouts, the basic information and the 

demand information. 
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<^nm^Y-~yi>'t:mi^^^miif^Y-~y^mn^ 
^t. mmmY'-~y'rtmimms(.mmw 

ymntimtr^yfm^mt. ^mitimi^r^ 

[msm2}mmmY-~ymM^^tmsimmfH 
y- - y^^mn^mt c7)miz . mmmy-~yyizm 

•y vf^9-yx\t=L=,y hmm<r>^mims.'fh:^='^v 
vimm.mmx.x\^h z. t ^mtti>mm i 

[miiim3]msimt/-~ym%^mzj:mn.i 
tzmtY-~y^t. wmm^Y~~ymmmi>z 
J: mMitzmmm--y'/tmmm[^u>( h 
mm^mzj: mw-Uzmmi^i^^ h tmtmmr 
yymM^mzx 'omnitim^ryyt^tafjt^r 
yytii:^^mt . mMmmf^Y-~yymM^mizx o 
ms-btzmmfHY-^y^bmrnmu^ ymM. 

rnm-mz^ ^ms-Uzmmry yt -kmimmMz 
nmvxm-mthnmthryvn'm-n.t. ^^ttz 
z. t i:^mt-tmsm i xti 2 %mcr>mmry y^ 

mm.A \ mw^yym.\,Z'mtM%<miifmmL 
-imwrnii^h 1 x\i^fi\^x^L(mMV-~y^^wm. 

mw&^r-~ynzm-i%t\%imii?>mmmm 
m^h\x\i^t\mL<r)mmr--yy-km%L. m 
mm^Y--yi/bmim:^mm/mmm3ii)-(:> ix 

h bmmi^'mmmwmii^io 1 x\t^f\.m. 
<mm7yy^m%'fhmm'y y(n^%-nm. 
m^m\miryymm!zmm?&<r>-m'm& 
xmm.>mdi^h^m--y'/t:^%L. wsmv-- 
ynzm'^%m%mi^mmmmm^h\x\i^K 
\:)±(mwvr-~y':^^m%\^. ummf^Y-~yy 
tmsm^wm&x/mmmti}'^ ixii^tciiUK^mm 

^msi.u'mm^m^'i^ixii^tiiiLtcr>mmr^yi:m 
M-fmnm^:mifzmmryy^mm. 
im^me] mBmmryym^ma. mmifM-m 



m^j:m^<7)m^mm.r/mmmi)^h^mY--yy^ 
mmi. umt/'-~yyi>zm-^^mimmmmm 
wmB(X/imTyy:^y^jV'-)\^f}^(> 1 xti-etujui 

ikjl - .y h - yximwmi^zmrsmiim^mn 
mmm^mi)^(> 1 xi,i^ixiii±mmnY--y^^t: 
mm. mmmY--yytm^dM*imRxmm^ 
mip^ 1 x\i^t\s:)±<mmnv^T'^ n stmel, m 

itwxi.cm'mTy y^mmhrn-^mmttzm. 
my'yy^^m. 

[000 1 ] 

tfzmm7°yy(r>m.^:^m-thimryy^'yXT 
A . mmry ycommijm&tmwy ym^wizm 

[0002] 

tzryym^mzLfz'o. ttz. m^mmizmtzr 
yy^i:'Emmm<7)tm'¥mmi,zv^'yxfi-}X^^ 

[0003] 

ryyii^M'^wi.m^mcom. mm<om^cr,mmiz^ 

w^^Tii^ttxm&^titzryymx'ii. m^ryy 
(omtmi^tixa^. mm. ryymizmit^tix\'^ 
^ryytm^<om&^f^tmmi<zT^-m<hm^ 
izii. z<r>y'yymizm-^<^im^<r)mm(om^i: 

mmmi^ixito:Lbmi>. 
[ 0 0 0 4 ) t^c, m^<7)wmit. -^izitm^b lx 

L t micomxm^mizsibx v ^ i> ^ ? 1 # aj-r 
ztumix'hi, tfz. ^'-v-vx'^^tim^<D 
mrna. "^wmbixm^^tihrnnryyizMix. 
^^mizm^-tti>coxh *) . wmi'f-mmt txmm 
tfz^. -gp*>'«SLfco. ttz. xmtx^^x^^ 
izmmL^j:\>\ ^ti^. m^cowmi+mz^i^tnit 

[ 0 0 0 5 ] ^fc. mz:3,-y hm^x'\i. mmt^fi 
tzmimm:i-~ h ^mmRM. tx . m^-rm'^^. 

-•y Mi|±5:'?^r, Sanj t JtlS^cOjl^JL - -y hXiM 

m^j:mmmx'm^i-hm'^ {m-y^j:W) . mm:^ 



!(3) 003-1 50655 (P2003-1 50655A) 



-«y hO#ffl|^fl!lcOji!|«!|i-«y h^fiTtCjte^-rSfiSO^ 

[0 0 07] -ed-c. io^BBti. in^osatcjCbJt: 

[0 0 08] ttz. Z(r)^mm\<^nmi. ^--yM 
[0 0 0 9] S/i. ^cO^^BflOS'Srl.iWti. r^y^ 
[0 0 10] 

mmryym%\<Z'mtpm&<r>m^'mmwmm^ 

-y^/mn^^t . mmLmY--y'/^zm-^^mtm 

yy^m%'thmii\HV-~y'/m.^^t. mmm 
nY-~yytmtm^mm/mmmi)-^ i xti-e 

mmmt^h i x\iwj±(m^rv y^rnm-m 
mryymm^mt. imttzimryy^i^x^A 
X'hh, 

[0011] mim2tm(r>%m,i. mmimY~-y 
ym%^^tm%mmm--yym%^WLt<m\.z . 
mimt/~=-yy^zmn^ mim^'^mmmmmm 

mm^mn-fh:!.--^ Ymm.^mmx.x\.^^:L 
t ^^mt-rmim i tm<rm!!rr^ y^i^^fj^ 

X'hh. 

[0012] mim3%m<r>%m\t. Bu»av --y 
m%^mzi.^m%Ltz'm.v-~y-/b. mm^ 
m-~yymn^mzx *)mnLtzm'mV'--yy 

f^u-(T^ht. mMmmryymn^mzji m%i 

tzmmy°yytt:iiiiTthryyiii:h^f^t. mMmm 



t . mimm\^ v^r^v mn^mz x o uzim 
nv^T^hb. mummryym%^mzx ^imL 
fzwdary y b i:mmmm^ziim Lxmm-th r ^ 
ywmmt. ^mtzztmrnttm^ixa 

[0013] mM-mAtm<r>mMi. mmy'yymM-^z 

mutr^-y/^imnL. mMV-:^y'/\,zm-i% 

Y~-yy^'imL. mmiiP^Y-~yytmtim^'^ 

mkij^h 1 x\,i^fCi:xt<^im'Tyy^m%'fhwisir 
yycom^ijmx'h^, 

[0014] mi!^m5nm(7)mii. mmryymMiz 
iii^^m^<r>m:^mim'wmmmt^^^mY-~yy 
imnt. mm'/-=^yyi,zm-:f^mm^mRv^ 
wmmt-(> 1 xiiwxtcr>mmfyy'--yymm 
I. mm{HY--yytmm^mM/mmmi)- 

^u>(7^ htmtm^^mmmmm^^fy i xa^ 
tiM±.mmr^yi:mn-tmMmmirzmmr 
yymmmT$)^. 

[0015] msmemmmpmi. mmmryym 
is^sfi. mm.$mi)^^j:ztLfz§'^cr>^-'y mmcom 
m^L-y hmm<7)ryy~y^ju~)\^m^^mzmi 
mi^ryymmz'^^j:m^<m^i^mRx/mm 
mi}-h^mY~-y^^:mnL. immY--y:/izm 
':^mnm^wmmmm^mRUmMiry y-yyju 

'-J\^:^^(>lXli'^tLa±<r>:3.-"^ ^y^•:?-yX{i^-•y 

hmmmm^m-i. Mi-<yhA':J'~:^x«i-«y 
hmmmmizm-:i^msSM^mmm/mmmf)^(> i 

xit^ii!ik±cr>mm^y~~y^mui. tmmnY 
--yytmm^mnRv^mmt-^ i xiiWJ, 

mismwmmmmi)-f> i xa^im^mi^r 
y ymntmnmrnitimmr^ y^i^s-c 

[0016] ff^^ 1 mmcom^ry y^i^x^A. 
msm4 mmcommry y(7)^ijmxim^m5mi 
<ommr^ yw^mizxtnin. jmry ymmzm 
^j:m^com:^mimmmmmt'i^ixit^tivxt<^^ 

mY--y^mM.$ti. ^cr)^i!t/-~y-/\,zmrS% 

m=^mmm^m!mt^^ i x^iW}±<r)Wks>^Y- 
-y/mn^ti. ^<m>MnY--y'!^tm^m{B. 
v^wmt^h 1 xmhmL<m^\^\y^ r'> vifm 

t-hlX\i^ti\:Xl.(Dmmryyf)m%^tih^X\ z 

cox 0 Lxm^titzmmry ya. m^commij^m: 



!(4) 003-1 50655 (P2003-1 5065 5A) 



[00171 m^msm<Dmi^i^:^'rJ^ttzm 
m.x/mm!mRvm%iry y-y^jv-)up(:> i xti 

MM^ti. ^(7):J-=iyh^'^^-yXii:i.-'yhmmm 

m^[^Y~-yytimM^ti. ^cr>mm\^Y~=.yyt 
m:^mmmmmmti)'h i xiiWJ.±(omm\H\y^ 

6(ox\ ^(OXoi^zlxn^tifzWikryyii. j^-y 

h^-^^-ymtz im^<7)mmizmttimm^ryy 
[0018] ztiizx 0 . 7 hm^crtry ymm 

titzm'^ryyco-kxi}'^^--/ vm^<^ryy~y'/)V 
-)v^mft'r<r>x\ wmiwmmm^'^-^xh:3,-y 
muziihry ymmm.it^tih^ t 
[00191 msmtimcom^ryy^i^x^Mz 
xiiii. mMY-~y^^. mm\^Y-~y^. ^tirti^ 
^T^h. mir^ybi)^ryytii:n^mzx*)tii:h^ 

tti^ :Liih<rmmv-::^yif . wmvAT"^ 
mip^yy\mmmsznm\.xmm^m,z>f.m 

m^fih(m:. m%(rmWfi^tiio<r)~Tyy\,zWM.^ii 
x\-^ht^t-(r^¥mf^'nwm^\.z)^ 0 mmiz^m^ 
ii. m%t(mwmryym.^m\\z-m^h:Lt 

ifX%h, 

[0020] liLtcom^ry yillgxXr A, Wdsry 

ycDmmmR-(/mmryym.mmizi5\^x. ^mn 
m^zx'omn^ti. ^ryytii:nm^zx'oii!,ii^ti 
fzmmt^imjE^m.xh'^xijXw mm. my 
-~ymBm^^i,zMtxmMm<mm.'^wmm 
mwmm) i<z-?\^x. mm±x'nmmmmmm^ 
mt^ ^tizx^. m^mmi,zm tt^miE^'iT ozt 

w Mzx*). ryy^^immtmi^izMm 
m^m*)^j:i}'m^t LX(7)^wsi:no:iti}^x^ 

[00 2 1 1 



[ 0 0 2 2 ] H 1 tiH^c^^MUJS tittt^Srr^ y- 

y^m^mmryy^i^xTJ^ {xmvuryy^ 
i^Uii>(ox'$>i, :Leom^ryymmi^^ 

rAl{i^-.if-h\ ^-f h^y^^-y ^7- 

^^i:'$:Jil:/^A:»]¥S2h. T^xru^ . r^)y-5> 

{T-mm-mm^mi.fz^y'^jL'-'S' mm. 

i - 1^ X T A ii> $ T V ^ ^ , 

[0023] :L(m^ryy^'y:K^j^ 1 {i. y^ 
y hXii>( y h 5 ^ >y ^^C0;^ <y hV-'^i:i\- IX 

[0024] iKOT-nmrn-mmui. mcomm 
ryy. az^ y hiear^^ V)^-9-y) 
mwy ymmz'SLWj:^nuv{m^iii^ rmm- 

'th^Wr>'ruyyi.imm.fz\im\^fix\^h. 
[002 51 t.tz^<^:i-~yYn^-y\tryy~y'/ 

}v-m\zm-i\ y^^mm&m-mm%^ixxm. 

^o^ryV::~yy)V-Mi. f>hmtnX\^h±%'^'Bi. 
mtX^fi^ti<^:x=.yYn9-yif>m^fih, 

I.. ^Mt®:iO±, z.iity\i::L~yY)'\9-ym>i\^x 
i£S^mcJtEtTlX{42m:*-m§n. ^tJ^tcjCt 

[0 0261 ^^c. ^<^f-mwm^mz\t^ 
y ymmmm-th^m<DmwRu^ix^imthr 
vi-zyj^t^im^tix^^h. -?-ix^>ti, mim$'. 
s»2P. isnsJi. tgii«Ji6. 

mmibi^tihbbhiz^ ^com^m^zx'oryym 

mnix ^timiby'yy^^J:k'^m^X'^hXol,zm 

[0027] xij^m^i^ii. mmryymniZ'm^j: 

ti. mm. m2i.z^.LtzXo\,z. mm^. mm 
mm^. mmwj:}icr>^m^mzmthmi m 
*tffg (AD). Awmm^. m.-bmti:K<r)m& 
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2) ) . m^%. mmi. i/2f§(r)im. ^ma 

(^m-~yymMm (ab) > . spm/a^, 
T'^h^mitis (A4) ) , •yf-y^'^r. mm^^ 

tSfg ( A 5 ) ) ^cogMIS?g*^'*S . 
[0028] m(7)ryy^<Dfz 
isb(7)ryy=.y^^vyhi,zj:mmtil, ^tif^ii. 

mm. ( B ) mi^mtm^mwm^ h i xti-eiiti 
±.<m.it/-~yy^mM.-fi>wt/-~y'/mM.ru 

^7 A . ( B 1 ) 1igCiO®Ctl!!y-->/*>^> 1 X^i^tl 

)^\±<^wt/--y'/rm{thwr-~ym^r 

mmmmi)^(yix\twxi.(m%nY--y'/i:m. 
•rm^[^Y-~yi/mw.r^yyi.. (E)mwcom 
^\f^Y~-yy:^>{^ixii^timi<7)mm\^y'~-yy 
t:mmmm{^Y--y^mtRr\3^yj^. ( f ) ji 
mY--yybmmmmmmi)^^ixii^ti 

mm^mma^i^ixii^tis:j±cr)mmr^y^ms. 

tm^ryymmr^i/yj^. (DwmcT^mmry 
y^'i^ixit^tii^xtcommryy^Mmtmrnry 
ymmr\:!:/yM,^ ( J ) mmp^Y--yymm^miz 
xmnLfzmaf^Y--yyt. m^^u^r^hm 

mn^mi^zx mnitimmryyt^wm-rhryy 
iFwr n /7 A . ( K ) mm\^Y~- y ^mm^mz x 

^mzxmw.uznmp^u^r^ht. mmryym 
n^mzx mmuzm^ryyt^tau-thryym 
:fjrx:i^y2^t^^(^m^^tL. c:coji!H!ii^v--y^^M 
nrayyj^D<7)miz (c) mtY~-yyizm-^^m 

tfc b i,zx o:j-->y hmuznmuzmi^ryycow^ 

[0029] ^mY--y^mM.rayyj^ (b) a. 
^Mmi,z^iy^tzfmm. m^j:t'mmt. ^m. * 

h 1 xii^tL\i}±cr>mmMm mmY--y:f^) 



Tu^yJ^ (Bl) ) *^'a-^$iiTV^tickv\ Mz 

i 0 s wmimr--yi^i)^tM%<rmmzm\:.tz%. 
m--yym%t <^m;h-^h m\zm^ ix^mr 

yyizm^i;ibtl^X'^:h. 
[ 0 0 3 0 ] J.-«y hA':7-y?gi[rar/7A ( C ) 

( B ) x-mMt. »t L<(i ( B 1 ) xm^mmi,zm 

ixmiR^tifzMY--yy^m^z b izx 'omm^j: 

m(0^~-y h^^^-y:b>t,mRthXoizm^lXi> 
l§f^^rv^<^T'iiBB±lc{i^$ii'f t:S3i'3:a-«y Fa* 

[003 1 ] m^i^Y--yym%ruyyA ( d ) 

(i. (B) lzJ:0?mL^c»/--y2/tC^^I=S* 

mRx^mmti}^i^ ixii^tiiti±(m^^Y'--y 

i^^mm-hrviyyAxhh. 

[0032] m!ii^v-~ym%ruyyM. ( d ) 

(i. 'Jh>/y^:iy / (LD) m.. ^"/^ym.. 

(C) X'mMUzmM^j::i.-'yh^^i^-yi)>i^. m^(D 
^Zfzh^i izmttz^Wnm (^\^Y-:^y^) ^1 

Xii^ti&.i.cofn^'^^-yx'mM.^'^i. ^(r>ruyy 
fi^}±<D^nv-~yykmmh'ruyyK (mm 

V'--y/SJRrn/7A (E) ) *sa^$tiTi^-ct 

[0 0331 35r;fe> ;o rc:/s'4,0j ti. mt\f. 113 
(?) rc:>tf*)Oj c^StRWI {^tih^imi 1 ) d^-fJ: 
die. 'Jt'y^/. df-yf-y^ ii^, jR^^ tKIsIO. ft 

hm\\2) ifWS^b^y-^rV^Ticfii-V-Yb^Z 
[0034] ortC, jl!f^(*)l^^ T'^ h?imTPi/7A 

( F ) {i, ( D ) -CIS® L^v:X{± ( E ) xmw.^fd-zm 
wvr-- y^b s*itm&t/^stf#3&>/?>#x'^->?> 
<^)ik^^tm\^xmmzw^Lxm^h \,<r>xh 



!(6) 003-1 50655 (P2003-1 50655A) 



(G) ) 3&<^^$)h.-Cv^TtJ:i^, 

[0035] om. mmryymMra^yA ( H ) 

{i. ( F ) x-mw. UzXii ( G ) t'MlK§ii7L'jltll*)^ 

yy immryy) mn-th. 

[ 0 0 3 6 ] ^ys. ryymmruyyj^ ( J ) ti. m 

wi%ryyts:)i<r)i^mk^wm<m'mz^mx 
wm-hyu^yhxh o . mz}^ •? imrmwm 

^tmm^fih. mm. 'f-nm^^^w,z%i>^ 

mm^. mik'^wmiz^ioX^x. mm-i^^x 
^\.x^-)yth. 

[00 37] ii-c. ^fih<mmm\t-kxm.%'^ 
v^. t.t^. m%ii'^^ixhmmzm'o-b'^ti\^^\iz\t. 

[0038] c:<x^>ofpfliffifg{i^ja§#t;(j:tti:>j u 

t3 J: 0 . ^ryy^zmm^^ 0 ^OBBBoacS*^' 

^j&^BjKii^ro. <mi>zmtxm^mmm. s** 

[0 0 3 9] ^^c, ^^i^^OlPfilfifSfg^rSmtS'Srt'L 

ixi>x^\ z<7)im(ommii ^m>^^} ^j:b't tx 

[0040] OT. V)±mmry ytl^j/XrAcT)- 

[ 0 0 4 1 ] n 1 tc^Lf^JiiBjr^ y^^'yx^J^ i 
tzryy-y-/ruyyM.^m^iLA.xmyfh, -eu 

x.y^ v^ym(r>'f-^x^^mzx 'oxU'Th, 

zcr,^mcommmi,zt5\,^xii. m^mim/wmmma 

x:hi7miz-D\>^xmmm\.^i}K fztm. mwrn 
t Lx\i. ii5t;^§iii> J: otami^'mmmx 3 
Q 1 ~Q 1 3 (Tymmx-'^hfih , 

[0042] mut. Q 1 T'JiMIB. 



^DMc^^*^ Q 8 X\mmr>lh^ {i^Sv V 

QilOX'\ii^'y^yty^~y'^tcr>^^j:t^ 
Ql ITW-y^ytt, *0O(3l§Sgft-Cl^l>^r 
tl^i.\^1jmt^i:^. Cil2X'\tYT. IS. 31:Rfcov^TO 

^11*^ Q 1 3X'\mmk^ i^iwm^m^mvm 
■nm^. mm-) mti^'tinm^ti. ^(^^mt 

[0043] ztiizx 0 . ^^^^{i. m^i)^^m^ 
mttzm^mt. miY-=^yf^i>Z'm^j:nsii^!si. m 
Mm^j:t'mmv-~ymm(^ryy~y^iZ!i^ 

Wmn^t)<fi->Xh. ttz. mmz^T'Jyf^Ltzm 

[ 0 0 4 4 ] ^fc. [i5T'{s, ^xcr)n^mm^-fi.x' 
m^^tifz^K iii^c7)H®3A-r'«i. mei,z^.txd 
(c, m^(7)m^imi)mm^tixm^ifimmz^j:i,x 

[ 0 0 4 5 ] ^^i. Sctl!lcO?g^^^i:'*MOia?gy 7 h 
^CAD^i:W-;?cOlR03i^^^fcJ:OA:'3SixS, « 

cofcm 1 4 $:^-rilffi7!)«ffl3 Alza^^^ixl, . 
[0046] t.tz. ^:itzh^mm^ ti. 03tS^-fi 

^c^^S'Srt't: J: l.t^*>^>)K«*^Sa'ri.ffi«$-A¥-r 

-5.. 

[0047] ^STtJ. rc:^'^)0ffif8l 1 J {i. US 
Bffi3At'{i, Wmc^mkhn^a)^ ^-'y^inm-h 

m&ifii5%im<:Lbtiif'i}>->tz^. mmt<mh 

A.'kWm- hmmt'\i V h'ynzzfzhl b M^^ti. 

[0048] m.ff^m^'mmmmmm.ki . la 9 
■tiio\,z. m^tmh^h^ (sssEas^-h 1 
5) tLxtb^xm^ttz\tr^)yh7'^vw^'(^ 

raiJRO. r^^y. mm. =f%t{:mmmzwix^m 
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[0049] ( B ) w^m''--y1/mn. 
}^mm) mmti^m i o i^^t- i oi,z^mi4<r> 

( s ) 1 7 Rmm 1 8 (DWimm^-v^comwmm 
(r>t^. mm. mmmmm'-^^^'^m 

[ 0 0 5 0 ] 1;^. ^T-:?'<-X!3:i;'S:fiJffl-rSC: 

^tJ:*). HI Hz^tXolz. W^mY--yyBAlz 

j:v\ m^i^zx^xamMmM^mt'mmi 

[00 5 1 J c:ofc«!iV--yi/BA(i. Bffl mm^/ 

--yvmvmm) 3A±f{s. mumi 2ic^-rJ: 
oiz^ m^<^my'-~yyBA-tm^^^tih, ^ 

fc, C:c7)ffl®3At1i, :^Tcr>ryym^nkm2 4l,Z. 
(B) tmL^5gCtfi>V--y^^>'N'^-y|»i:. BBS 3 

Tv^i>, :i<7)mmx'iiryy^m^m2 4^zii^ a-^- 

[0052] C:<7)®B3 A±T'{i. ]i!B5iEa«rtg®H2 
23WiS«lT'^§ni.i:«(c, IS:mV--y/>!;«B&-t 

(p : mmm) m^is^ixm^izm^^^ti. Mi^mzn 
m&i4. mmis^mmi 2 2 , sm^i 1 e , ±ao 

[0053] ClcO^^^ti.fcitA'^'-yiifi-f-ii-f flip 

iirn/^Aicj; ^mm-^fifzm^(mmmmzn^h 
mm^^ifrnTTs^ixxi^x^^iiK :i(r>mx'\t. u-^nm 

[0054] m^ttzitn^m^^im^'^^-ycD'p 
x\ mmt^^^^-yimtRixmtati, zcommm 
mi. mm. mmtETm^iz^Ainiryy§SLm^m2 

[0055] ::<7)^'ii^-yi^xi}-hm^<7)mmmm'^ 

mmn'^^y25i. ^fmmi^^^y26i^j:b'$:^ 
v-y:^'fi:itizxo (A) m^mRtmmmi<7)A 
t>^zmtiiix\>\ 

[00 56] ^^P^Y--yy7i(:$'y27 J ^:-MtRltz 



(A) xx-n^titzimf%'^mmi. mmmi^ 
mmt . ( B ) x'm\^LtzW!t/~-yy^zx ojl- 
'yh^'^s-y^m^thr'7y~y'/)V-)Vti:}£<r)T- 

^K~x^nm LTHl 3 C^-r J: d ^r#Jl!HJ^- 7 h 
2 8 a(0®ji^ro=5r§'S:^U^i--/ h^N'^'-y 2 8;&>' 

[0057] ^c7)J-->y hA°^-y2 8tiJ^-.y 
I., C:c7)JL--y hyN-^-y2 8(iEg^fzmi^^0gS» 
S. 5rt5, :.<r>3.=,^vhn9-y2S'^^:x.Ym&r- 

mmm Ltzm.^^-:^mSi(7^mmm<r>im\<zi;: i> 

3;^hRiaT-^'^:fc'S:lll^ftw{lJ:ljtTiJ:v\ 

^, ^iiC<0i- /hA*:?~y2 8S:«ltLT, iSiicOJL 

(D) ^fyY-~y'/(Dm% 
:3.-yY^^^-y2S\,zmrit (A) ■CA:>j 

mt^^m&mmzmttzY-ywMw^^j:}£ff)r'7 y& 

t^T-:^K-x^j:t'mm-tl^tizX'0. m^cozfz 

h 0 \<zmttzm 1 4 j; ^ ( to o ) v-- 
y^DAtm^^s-ym%^ixh . 

[0 0 58] cico^rt (TOO) V--y:/DAt:'{i> 
Ut'y^- ^^:iy^^ (LD) 2 9{aa. fPM3 0{S[ 

a> ^•/^y3 ifis, ?§^3 2{4s. mm im) 33 

(S) 1 7fira#0^rtO«lB&OEattH*m$ 

[0059] ^<r)^f^Y-~yi:^DAimWAz{i. mi 
5 (^i^v'--yi/-^liffl) i>z5r.tXoiz. ^W<^r 
yytii-%xm^s^tih(r)i)mtL\\ ttz. ^Tvy 

^tv\ ^z.x. |5i-3y-i:rhc-^^2.r9y»' 

[0 0 60] ^iOHcO r^f*lV--y/-||j H®3A 

y--yi/DAc7)#-0ij^$n, |5]-3y-lrrh{cffl 
S-tsr^yco^** r...M-^_yj b\^xn^-y'm. 

S^fla3 5tC^$ixTV^S. 
[006 1 ] ^^T'. c:«7)^$<i7t*i*)V--yi/D 

Aiz^m^xhh^i'^'^'mM-mt^^-^^zxt. mK. 
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6 J rmm-i :.ti>zx*). ^^mY--yyimm 
fflj izmti. tt:. ^miifnm^y2 6i mtRti> 

I.. 

[00621 m^tt^ummmtiK Mits^o n 

■^lf::^[^Y-::^y^^mmm^mtLi> . tz t 

nt. :icomi5(r>^[fiY-~y^^msmmizi5\^x. 

m^i^^^zmitii rmiRtib. mie (^f*iv 
--y^^msmm) ti^m^^tih. zzx\ b&-^ tej 
i^mmm. tkj a^yi-ynLm. b&-^ r^j a 

10 0 6 3] ^~ay'trhx'm<^m^mm^^z 
a. mm}^<7)m\^ (fctij4^ig2 3coEi^) tco^^'tta^ 

^^c. #^i*iy-->'^DA{cMsijiPfiis«a3 7*j 

[0 0 64] ^coiotc. m-^y-trviz^^mco^ 

[0 0 6 51 zzx\ Kommmmsm. m^^m 

m im $ro. A. x<7)E.mtixmmuzi><^x'h 

mii§xim9pr-m mm-m) xhh<r)X (-) -c* 

[0066] Mzii 0 , mmttz},i'Efm^^\mj-<. 

y^mw^Lxtrnth, m^^titzmnt. ryymm 
^m2 4i,z^-^i^-y^. m^mntrnz^^ti^, z. 

ZX'lt. mm^tfz^tiXi^^j:\>^cr>X\ MiRNO. ii 

roj tm^^tix\>^h, 

[0 0 67] tt:. z.<o^-^^-ymmm^i:mi.z ix 

ms. b mt^iz 3 X h ^ X -y ^mm^ x-y^ ^znt ^ 3 

:>(yhi}m^^tihZbi}mtL\.^. ^--y h^-^i^-y 
<DmM.TMX'tX'izaxh^j:b'^WmiX\>^hcr>X\ 

m^j:mmt. b^b Lxmrnm^mtz^^jt^^-^tz 0 . 

[0068] ZcomX'ii. mm. r^F^V--y^^;K 
^y27^ imith:ibi,ziio r^l^V-^yZ-Sl 

miEP^j:\'^m^izli. r^^U^7^h^^1^'y38^ i 
MiR-thZ bi^zX^. mSO^rtV-- yyijmiR^ti 

^{^u-^T^h(r>mn (F) mmtii. 



( A ) xx:h^ritim^m^^mmb . ( d ) ti* 

ai$fL^c^rty-:::y^DAtcJ; 0. Hi 7iz^i-Xd 

I'j tfcftjiotsgccT)^!^!^^ r h E A*<. ^mizMt 

[0069] zzx\ m~:jy-^yhi>z^t^ryy 
mm^b^j:'^xi>i:<. ^tihiimM.<7)^mi,zxm 
^ttiii'sm&^mizm^ttiiimmmi.zm&^tLX 
\^izbtimti^\ 

[0 07 01ZCO f^f^u^r^h-nj {i, ay-tr 
hmiztbibX. Mi>mi)^<7)m^^i><7)i--^m?F^h 
bbUz^ n-'^y-^rhizm^^-riryycoWLi:^^:}^ 

[007 1 1 >Iii{4i:.go 1^ 

Sr^tR-rSi:. 018 (^rtWr'^hSStR® 

ffl) (c^^-f ctoic. 'e<^SiJ|5iO$)l>^|*lU'fr'>hEA 

iofiiNe^jco2m^m$fLi., m--3y-trhX'^^(r> 
mmim^^zii. nm)^<7)m^^ (tim^23<7yM 

^^^y2A^zi,iJ^^-ymL. (^^No.) . m 

[0 072] zz.x\ :L<m%mTm3 7<^mm^ 

m) S:o, A, x<oE.mbixmmuzt<r>x$> 

[0073] m&t.tz\t'mm^m^Lti:\^\.z 

yizm-^x. ttz. 'mi^zmtxm^^^m^mmmmt: 
mjEx^^xoizm^i-hmmti\>\ tfz. 
m±x<7)]y^r^h(o^in'>xi>x\\ ^^-m<DM 

[00741 ^(7)|ar'(4. ^^^V^T'^Yifi^yS 
Si^WR-fhZbl.zX'O. ^m\^\^^7^h-1^i^z 

J|^<7)jL- -7 h^'<i^-y'^mWj:b'i:mm'thfz!sb<r> 

rj.-yhm^rni!^y39j ^iHS$-t^cO. ryyr 
xLXw ryyT'/rx'\i. mtf. u-(T^h<m 

hi-x <y ^^^$ijf-x <y ^m^HtZb mt I 

[00751 m^^tifzmmcr>m^^u^ vt^m 
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ymn (h) izwif^ti^. 

[0 0 76] (H)m^r'^y(r>m» 

(A) x'X:h^titz^yi-y. mm. mm. mm 

^ht^^lttiii ^til^Xtcommry yUA^mW-l. 

[ 0 0 7 7 ] ^^t't. mmmhfi. mmuztn- 

[0078] m^ttiii'mmmm&uy:\'^m^tz 

{i. mcomm>>zm->tz'oix. '^■mizmtxm^mm'^ 
mm^mmiEX'^ ixo i,zmm-i<7)mt i\.\r 

vyr ^/r<nfz^(r>ifs^y ^ryyr-/rs ^:i:'S:SdS 
LX-'m<nrvyT'vr\,Z-:>^j:\fh^tiiX%h, HZ 

X'lt. mm. ^ yi-y:$'^r^im-mmis^^r^ 

[0079] ^^KfzmL<m'>kryy}\Ai)>t:,fm 

<m^rvy^ws{tht. m2o\<z^^txo\,z. ^<r^ 
[0 0 80] liUicDMiiur^yti. mwr-^^^mtx 

[ 0 0 8 1 ] iL/i. Z<m,Z LX%t:>tifz>^T'y yt^ 

m. %m<nm.-kW'i^m^%^xiBm\zwv<^'^x\> 

km^m) \i^(r>i.otsmip''yyws^\/x^ut. s 
w^^^<ryrvy'm^-h\,zm\:.x. ^ti^wmm. 

[ 0 0 8 2 ] fi?iji.{f . 'T'yy^m.-h<m\^k\t. m% 

t corncob -yfjHfb LXmmth Z b *>'T'# I. . A'y a 
X. &t\<y\<7)^ ^-'Jim^^A<Ol^. &.^mr:m: 

[00 83]SiS(i. g*tc«f^-ri.Ci:(cj:0. 

y^^i-thzttiiX'^hti^. tt^'f^-j^'tcov^T*?) 
*a^*^'^tv\ -e^T. FiJ;i{f. Ill o^z^tiiotc. 

mt/'--y'/f<ztz }i^m^^tzbzbx\mii ics^-r 
I.. 

[0 0 84] ^/i. ll21(3S^tJ:a{C. l^^^SOlu 



•c. ^<^ny-^rv\.zmm^mzwLmhmmoz 

[0085] z<^x 0 iz. Y-~yy{i^^X' 
'^oztti^\ ^Mz t nY^X'h ht\^o ^xm^h o fz 

[0086] It fc, r'yyv^^^-y)<7^'^<:ty\^(r>k(nm 

^. mm. mm^j:Mmt^ixi,z^^h'mm7F 
iKctfi^. mm<^~-xi:hTV y^^i,ziiy)mtstiii)<7) 
Tra-i-'f^y^<mmt Lxmmt^ztifx'^h, 
[0087] nm^z^t V ^co^ ^ - i^<m\ M%<^m 
^. mmms:}£<7^m:m^j:m},rry'r-vm^xy:. 
TVyy^mK m^(r>M^t^tihY--y^j-^^- 

yi:§ssmmn^-t. wzm.i:Mi^j:ifihtTvy 
ybxms-thzktiiX'^t. 
10 0 88] tfz. ryyj^^m:hcom^Aii. mmm 
mmm^mwrnry^-- y-m^x-^ro y^^ 

vy'/izxmm-tiifj:\<\ zzx\ tTuy^^<7)gm 

ii-m-hm'o. ztL(:>(7)T-9i:^^m<^mmryy 
m^'^^TMzAiii. ^mY--y^. ^\^Y--y 

[0089] m^^zr uyhT^h Uz. gassx- 
mm. mt/'-:^y^^. ^kov--:^:/. 

Lxm^(7)M<^Wmi:3\^ tUtZ t ti<X^ h . 
[ 0 0 9 0 ] ^^c. m±c7)j: 0 l<z. ^mM\^ixfz$'m. 
<r>^rvy<r>T-'9^-xttz\x-ruy=y $ y^-kWi 
\-^hztx\ n%<rmmz^\:,tzmkr'7yk^^^^ 
'mkz:mx%h. ttz. mm<^m^zmtxm^ifz 
imry y m^izmmi>zmmmxh i. , 

[009 1] 

im<mmmm2] anz. z<Dm<7)mmmm 
co-mcommRt/y^-izi. *)mm^tifzmmryym 
mm 1 1 m~jbmm^j:3&mm-m^^n ix 

[0092] -^m^j:ii.^cr>Y-~y:/^mx'ii. % 
m. oi^'yy. mm. -yi^ -^j:t'cr>^y^^'-x 

hoi>zj:^m^ix. ^nhimmti^(o^w<7)m.*) 

•f. i->y htfii^t:i>mmzimtiimmi>. 
[0093] z<Dmm(^mm2X'ii. mm:i---y h<Dm 
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[ 0 0 94 3 mmm-tMi. ms oiz^.-tx 
diz.f(.mi4 t.ziPiLxmmcD9mm 1 9 ^ xui^ o . 

XlJ\^0. 4 5m, Y:^I6I0. 2 2 5 m i: t^tgPMSi^ 

■^zMzXW^X^^l. 

[00 953 aTizz(^mmmmmmx'm\>^(>tii 
[0 0 963 • ^nmmjv-)Vi 

^ . ^mcomA^-tmi. 112 4 ( a > ^ttX ( b ) t;:^t 

idle. mm'mtix(r>^ ^^km^(r)mcot^-f\^t 

^'^h-^tXXlj\^t:m^-t;i^C04mcr)\mmm. YlJ^ 

rnX'TT^lti^ mm) Sr^LTV^S. 

[00 973 'J (112 4 ( c ) ZitX ( d ) ) : U 

&A^-^immm^t iX(7)mm^'=^'LAz^£^ix 
v^s. 0^0, m^cofzibizm-t'vhijmmmt 

[00 983 ^P^ (1124 (e) ) : ^OMJi. M 

mmm. wt^. ^mcomm^zmtfz^m-^m^^^-t 
I., d^Tti. m^mmizidixmA^-^mmMi 

•CJi. fSi«&^k'7)-^c*^tC3§^4g^c7)^MtCOV^t:{i# 

[00 993 ^-^-^^iJ^ (02 4 (f ) ) : t^-f-y/ 
ti. MtJf , 7 5 0X120 0c^S/jN^a(04>^{tr 

[0 1 00 3 ^-yf-y (112 5(a)) : ^-/i-y^Z 

a. mmtm§<7)imm'o . mm^z^hittzmum. 
^^^;f.^-xi,z:L-y h^miz^h^xm^h-m^m 

[ 0 1 0 1 3 Pgs (112 5 ( b ) ) : mf^mmm^-t 
lb. ^m^mmm^izryy^atizt^z^j: 

mwiimm^mtc^ (1800x2250) 5:02 5(b) 

cTiiio^zW^LXK-^l. 

[0 1 023 (112 5 ( c ) ) : ±«M(C{±, U 



h 0 . '^isi.<r>uz\mu 18 0 0 rtim(r>mMf^%LmcL 
o^i^ii*^i^^^^<o-c^ 112 5 ( c ) 

[0 1 03 3 ^ (1125 (d) ) (i^gPS) 

y «y HcOiSM i: rn 6 0 m maymkifiWih 
-y^^WSk\.X\^h. lS$i<7)fZMZii. OP 180 0m 

mcoiRfi^sriftgf ^, 9m<r>mzimm/mm<r>mm>(^ 

^-x^muix^^i, 

[0 1 04 3 -f-^iJ- (1125 (e) ) : .IClt'ig^ 

tx\^i^-:$'v-tii. mbu^bmmtmmm 

fzi)K mtmiZ'O\^Xii^(r>m'0Xiifj:\>\ li)- 

L, xmm<DMtzUj:^cr,tzib^zmm(^mm^%m^ti 
hm^ifi^<. ttz. um>mmtx'CDmm^mi)'h 

[ 0 1 0 5 3 HXitt (112 5 ( f ) ) : ZZ.X'(^m\\t. 

mpb\.x'mw^<^w^\^ims^. L*>t, s^fo 
h t>^hm-^mm^xmmti'y >/ s-s/hSPM-tis 

[0 1 06 3 h^U (112 5 (g) SIX (h) ) -.yA 

[0107] «3|sW^r#;t:^{i. ^um,zm(r)m±m 
^tX"kmi^z±%<thb\^o^(r)X'hl, iz%<'r 

^'vi-y. ±mm. mm i^f-mm) . ^-is^v- 

[0108] z<or7y:::.yf^ju-Mz^^tiiSimsm 
<7)xm(r>~M^m2 6'^m2 8iz^it:, :l:ix\ m2 
6(i. mwmul 9izm'ox^^mw~-yi/?:n 

-yXm^Th^. 112 7{i, ';t'y^/(2) ^rWzLtz 

^X'hh. tfz. m2 8im2 7f)^hmmi:&±Lrz 

y. imm. mm ii'm^m) . -^--^u-^^^sg^r 

[0 1 09 3 • ^mmiimM.iv-iVi 
imm^^zn Lxw>mm^^i 1. 1 # , n 2 9 tc^-r 

i 0 tC, imii^1j&:ru y^l9 2. 19 2-iz^W\ 

L, $>^ti-tiibimmizmmijQ.im^^tifzmm^9& 
o#^t•cv^<, zcot^. ^m^^zim^tii^^mco 

&^l,zj^txmnz^s^^-(yhti^^z.(:>tixti'0. m 
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[0110] 



mi] 













2 


SE-8*SW 






2 


NW>N*N:i*W- 
E.SW-S-SE 


qltll^'^'^ (St ihi5fS(f>HT 




2 


NW-N-N::-W- 
E*SW»S-SE 






2 


E*SW-S-SE 




mm 


1 


NW»N-Ns-:-W« 






2 








2 


NW-N-NLi*W« 
:i-SW-S-S:i 








NW-N-NE-W-E 






1 


NW-N-NE-W-E 


»S0>^ffiIS5d>d, mess 


CMP 


1 


NW-N-NE-W- 


mM(DmmKMa>A. ABE 



[01 11]-:^. m&:ra'y!'19 2-%iz2^^ 

[0 1 12] mm. ut>^^*«sE imm) izmm^ 

ijiiLtUz-mi^ix\>^ii}K leifiiLXh-iXtx 
[0 113] • ^mmm,wju-fvj 

[0 1 14] 'Jh>i/^:5^^:iy^^; ^-fxy 

y^^'yi-ytiimtX^^i,, 
[0 1 15] vt'yyiir-( =^yi^t'£^-fth 



mx'hhtiK mmticomt Lv^co-cvu-zui: txu 
m^^x\>^^. 

[ 0 1 1 6 ] imtyy]< v-m^m^mx^ 
-9')-mtLx\<^ht^. \m. mm. ^yh'u-. ^ 

y 3 y±x'XMm±^ti^ . 

[0117] • rgpMfi[ara^;l^-;l^j 

^^•y^y^z'?v^T. m2izim(r>jv~Mzm\ #gp 
m<Di}LW.mmm±^ti. ztii>zx'oryy<7)mim 

[0 1181 
[^2] 



(a 
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»1_ 



:g}iBi 



■tf=,^y-i*iii»urt>cxy 



«*C*IW!>*ftitfWU^+itt36:l»fc 




[0 119] :L(o/u-Mzmuf. mm. ^mnmm 
'tyu-\,zvt\m.mh, 

[0121] zff)r-nmm^m.^z\,i. nmcomm 
{:2.--;Vf^^-y) m(mmr^ym%\,z-^-^j:m. 

[ 0 1 2 2 ] E 3 HCS^ Lfzmmy'y ^^i^Xr A 1 

x:hijmiz-:>\^xmmii^j:\'^ti\ mmm mtn. e 



^mit (mm. 0. 6 5) . £^^©m^c7)^is: 
mm. 1-3^) , gusoa/hffls. mm^msm 

m immi im) . too mm. 4ld 

K) , ^mcr>m^mt'com:^mim/::L-^'xm 

[0123] ( B ) m>,v--y'/<7)m%t ( b d se: 
¥t/--y'!^(m^ 

s 1 0 1 ^3^3v^•t. ii^?i^t/iciiiiv--yi/^^'; 

-y Y-bm^^^tfl. s 1 0 2lCTMMf^3li||, :|t:ilffll 

ii^hwzmmmsktm^iLtix. s 1 0 3tcTjaig 
w^j^^mj^i,zm.'i!t/--yyy') «y h*3&<si!;?^a*ii, 
s 1 oA\<zxmu-^t^m.^ixh. 

[ 0 1 2 4 ] OV ^T'. s 1 0 5 I^ZXmmUi)^ 1 0 mVJ, 

±.h h t^t^tmm^ti. wmuifi i o m \.zmtzti:\-^ 
mmmLt tr s i o immrrxi- 
^<^uw,zw€^ixh , mmuti^i ommjbh^ 
tcfi. s iQe\<zxmMmti^Mmm.)v-Mzm'M 
B§ti§« ^^x\ mwm.)v-Mi. mm. mm 
m-mz^LxmM.^imm.^tihi)K -mrru-^ 
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[ 0 1 2 5 ] oV%T% s 1 0 7 HTSWrr n-^OlE 

x\ ^mrru-i-mwj\^~Mi. man. i. smt- 

[0126] ^rra-i-imm^tii s i o s 

mm^hh^-^^zM. s 1 o6i::M0. mM-mm. 
iv-Mz^-w ^mTru~^<7mm^m:^ix. em 

10 12 7] ov^-c, s 1 0 s\,zxmmbw^rr^ 
-^^o^:1S*^'^v^%^^z{i. s 1 0 9tc#tT§ti. ®^ 

[0 128] ^<^mm^<^mj,i. m.^v-Mzm^ 

\r<!F^\,zxmm^tih. 

[01291 Effi^s c =^)m^-mmmmm. (x 

||^Tl'Lc = Sc/Wc 

ov^T'. s 1 \o\,zwfx^ti. m7)m%hctmM% 

<^mmti^m.m<^mm x o i^±%\^^^^z\i.. s i 
1 i\.zi^m.mMt:m%-fh^^mwv-)v. mm. 

m^-th, s 1 1 2tc*3v^T. fctfiif^xts 

mj®Hf>fx<o^x «y^*<^fi5^T.. s 1 1 3\,zxmmm 

^tgiEHJi. wm>>zmm^my^y. imm 
t^tymmm^mm^isi.»^t:it^zi.^%t:,ixt, z 

T-^ b ixim<7)mmizKm^^xm^^6. 

[0 13 0] MZXD. mtii. I13 3t^-r<kd^ 

mmi 4i*Kcsmj^i 6. isrerra-f-i 7 1 . mm 

[0131] OV^-C\ mS 2 tfZ^-tX OlZ. B 1 T'lilit 

( c - ) .y hnmmm ( wmm^-^ u x- 3 

s 3 0 1 (w-C^^t^ffl2 2t^i^JL-y hf\^-MzT^ 



Mi. m^^^S3 7 5mma±.bl. 1 

|iiai/±l® (2|ig'5ri:) tCiStTiRS^ISltl., ^P^ 
^^OSUT-Ji 18 0 0 mmJJLh, LMPflSBX'Ji 9 0 0m 
mm±, t^jDUgg-etil 8 0 0Inml^U:i:i§^LTV^^. 

[01321 ov^-c. s 3 0 2i,zxmwm<Dmm^m 
hfih. :.:LX^\t. hw^^^mmm.i'mf.zmm- 

y^'^_y^^^g^^;J; Y)'^^t:,fi:^(r>x\ c 1 i,zxmm.<^9V 
(D) ^PT/-=^y-/<r>m% 

s401&tJfs402 c^/W-rtCTHSmM-rSfflS 

$:iSB-ri. . s 4 0 2 t;TEM^I.a5S^^TgSg**^ 
TU^*^. s4 03lz^^fL-C. lit;. — 50:^r{atio 

)V} (^1 ) t::t;fv^S5M<omii*«'fx<y^§iil.. ov^ 

[0 1331 :.mzX^. mUi. miA^Zmtiio^j: 
ij f>^^ . yy{ -y:/ ( LD 2 9 } ffiS. fnM3 0{i 

m. ^-y'f-ysi&m. mm3 2mi. mm3 3im. 
h^u34m. misfig. miiamco^^ 

hh^-^i,zii. mmco^p^Y-~y:/DAt<mtR^tix 
d:<^XT'yrizw^^tii> 

s 6 0 H;-C ( D ) X'mm^tlfz^^Y~~yyDA^: 

mi,zix. ^^mi,zmm2 4mm2 5^z^-tm^ 

(OJ^Sr^J^t J: Oie^l. (fi?i;t(f. 112 6) . 
[ 0 1 3 4 ] ov^-C\ s 6 0 3 izWiflX . ^Jtiit: 1 
oOgPM t>i/ ( 2 ) ) ^ttl±JL. s 6 0 

4 icT -eiottffi tyigpsio^p&i/^fif ti^m^x'h h 

t^ip-^Vmth. id-C, ii^ (max) •C'ftl.^^tC 

(4. s 6 0 3(iM0<J:<offi^iacic7)gi5® ft 

[01351 MtRtf^gP®cO^P3t{X||ff#*^S:^t'^ 
V^:^-^{:{4. s 6 0 5 [zWfiLX^m<7)±% $ 2:#fif-fe 

[0136] mm. 02 7T'(i. 'J h'yi/*it!fc*;$ 
ii. I12 8-C{4, ll2 7tiiP;i-CftM*iti:^$ix-CV^ 
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c 0 1 3 8 ] liLh, :^mMcr>mm<ommmmizx m 

[ 0 1 3 9 ] ±aiC^^BJ«0||]5fi<7)?^,^2T'{i, 
>-) timM^tifzij^. m&(0mmiX'7riUz^--/ hA- 

[0 14 0] tTt. ^C0:2.::^>y hA°:?-y2 8(3acf|: 
i/it) OtSfg 1 1 ^IIi:co^S^I.±^^^oaMP5« 

:itzh<oizjBtfz^^ imi^) Y-^^-y'/mntx 

[ 0 1 4 1 ] i/i. CicO^B^collJicoj^.^tli. s 6 0 

^BBo^sfioj^® 1 x-mmuzx 0 iz. m^<Dm 

[0142]^;^^, a?|H:/U^iiBJ-r-l.^v:a^fc^HJc7)|| 

*fic7)}g®2T'{i. ^m<rHmtmi,Lx\^^tii. :.ix 
(>mm,ta.-^y vm^m'mz]BtxmKm.^^tih 
h<r>xM. ^^^zm^^titz-^\.z\m'^^m:\\ 
[ 0 1 4 3 3 m.<7)mmmmx\,i. ^--y hjt 

[0 1443 

[^B^c7)^Mco^^3 3 JiiTi^. ^<r>m^e)mm<nmm 

1 Xti 2OJSEffl0iJX{ifiJffl^J5:^BJcoSlitcOJ^®3 L 

t n~jbm>m^j:^mmm-minLxmm^j:m 
[0 1 4 53 zff^mnc^mmcommsx'ii. izx 

2 izmm<7)mmry y^i^xy-M. . mmry yc?)*^ 

[0 1 463 t^jih^. %^mmm<mm i ai/2 tctj 
v^T#sis^®fcj: 0 Matrix, ^r'^yiaijmzx 
D jij:>i sn/vrMmiemji:. suffls^co^j^^am 1 1 

xmm^ti. ^cotiinm^^znmm'^^<7)^m^<oa^ 
yhm^^^tifzmxmmi^z^-^tii. ttz. ^(r>% 



^m^tii'ox'ht. 

[0 1473 • ®Cttiiy--y/BC7)«ift 

miY-=~y'/B\immE\.znz.xm.^i^mM 
"mmm. (Jiwi-jgisi 9) icov^r. ®ffi±-c'^ 
^^mtmm^-th ^t\,zii^^ m&<^mm.\.zmttz 

miU.i^fHY--yyEf)>{^%±iti^p^u-(T^y- 
• ryynM<7)mmm^ 

mm^^mi^j:i}^i^m.mY-~yy'^u^ r^h^ 

7-7 y\^^ t mi,zQmxmmitmi:<7)m^m^ 
mtf^tai] c s ( m^ms. > <^±#fc»*«s . 

^nmmj '^mib^'^vay<7)mmmii^ot<mm 

^ mm Lx^^yh ^iiinmmizmr:2>tt;iti3ix'^ 
Mzx^. -mmmmmm^iz^-tzti^ 

[0 1483 ( A ) mmmx/mmwm<7)x:h 
z<7)m(^mmmm3i>zti\^x . s*ipgat^ais 

mcox^ifmiz-^\^xmmii^^^\ r^zf^m. s*tf 
mtixit. -mmryy-hm^izx^ . ft 
^mt>i^. mmm^. fM. ryy~y^mm 
<^^r*> mm<r>^ti'^ti<r>^mz-?\,^x<r>Tyy-h. 
m^co-( ^-i^'^ztzhrxory^-h. 

i^^^^^'hspsn. mm^wj:i:mmY--y^mm 
mcory y=.y^izm^j:m^^xi) ^ix^ , 
[ 0 1 4 9 3 :L<o^n(^mn(mm3Tit. ms 
4iz5r;txoiz. tt^tfeH^is* mnm) m^mx 

mm4 1 i>zmixmm4 2 1 ^commm 2 m 
x^iix\,^immm4 3<7)m^mm'y-)Ui)^(^x 

iimmAAiirvyhT^h^b'(,zx*)\ii:fy^ti. 

mmzx ^x^ix-mm'^^ij^^^iz^ 
tf. cititio. yy^j:mmimAAam^^tiz. 

a. zcom3 4xii. mmmmi9p^i,z-'f§(7)mm'o 
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Z-C. CK^HS 5t{i, 1 Sr^tffCifillAA 

[0151] ov^T', z(Dim^titzmmmMmA 
A^atc Lxmimm4 sco^mzx hmmm i o 
BfmKu (113 6 ) , mmmm4 smmizx^is^mi 
Acoumm. (1137) , i^mcr>miL^n (03 8) 

utimM^tixiati^tii. m3 6Rum3 7i,ziiu 
X. ^^4 6X'^.^tiiB^comii±m(r)m^tix 

mwj:bizx ^±m:imi^tifzBmm^^^ix\>^ 

[0 15 2] {Bh)m.v-~y'^<^m^bm. 

h^t xm. 1 4 HzwMzm Lxmmtmy^ y 4 
8. m,m:'y^y49imm^iih. ttz. miiZ^ 
tximrndf^m^fih. ^fLt^cto. wm^t^h 

^tLx\m<mm\>zm$k^^h. 

[0 1 53] dcO^afflar-^'S-SliLT, (C)a 

m3X'\i. 114 ot:s^-ri a ic. ^m.(^:x-'y v^-^- 

y28(D^. 1f-^4 4T'*$iX-i.3itR^>yi?X|^lC:3'- 

4mtiiWt--nzmmm.zm¥\^ixxmm^ti. 4 

S:it!!llA A«iS±t3M?im^$iit:v^S , 

[0 1 54] :iti(^(n%.'mAA-\,z\i. nfm^^ifi 

J? LT H 7 -y K n .y r^r m^mxmmA A izm 
rnhzttf^T^i. tti. n^mmAAizii. nm 

H a >y 1 6 cofira ^* ^ ^ t 

*«t'§-l>. CixtcJ;0> 114 It^fidtc. mM^l 
em:!.- 'y h>'N*:?-y 2 8 j&*iEM$il^^Sfe«5V~-y 
^^BAc7)4C?iJ*<-MH_ht;^^$tL|,, ^Vt/--y 

^BAUi^ryyiMiRLtzay-{irht(^^vk^tiiL 
4 5mz^^tiX\'^h. 

[0155] Mzx 0 , ^co^mcommcommsx' 

(i, 3y^^a-:J'*^^S^^^cJ:0^llgL!ti-•yh^^•^'- 

LTS^ffl^#*^'j^io>^f--yr (^i^y--yi/) tc;^ 

ff-r'^&*SlT-^'i:^-l.^--y hA':?-y2 8<7)gda 

2rgifc^-rsii:*<t'#i.. ^,t>'?>^, (a)^* 

?g;K^y25j, rfct|!i^fg;j<^'y2 6 J 'Srh'Xti^O 
[ 0 1 5 6 ] ^io. i:::-y h^^^-ycr)^m'S:'if->fz^ 



[0 157] (Da) ^|^y--y^^cO«Jlti:1gjE 
( (Ff ) ^rtl^-f T-^hcTjfgjE) 
jL:z.y h^N"^'-y2 8tcS-:?^, 114 2tCS^-rJ: oH. 

^1*1 (m.'o) v--y'!f\> Aoym^^n'^tixm. 
Th^iih. ^<mx\t. vi^G\ftim. ^Y.\t^v^ 
y. W^Diir^-y^. ^mjpimm. n^UiV 

{4 h ^ , 1 5 T'^/T^§iifv: i 0 ta^^ 

l^y--::^/DA(7)3y-trh (0«i.{f. rijt>/i: 

i^■cv^'5:v^, u»L^*^'<^. z.(r>ny^yy\t^n9- 
y\zm^(n\^<r}Xh 0 . t^ffl^#0¥7cl«^:f LTM 

[ 0 1 5 8 ] ::;t\ m^^tlt^.^nV'--y':f\)A(r> 
-'-^cr>^\^Y~-y^DAi:m^tht^co^f^Y 
--yyDAi,zi!imix^^5ox'm-m:kmmiP^ 

tih. zcom:W5 0\HizimiR^titi^ff^Y-~y^ 
DAi:mfz-t^\Hi^^T^hEAi)im:^tl. mtX^ 

m<7)mmm%^tix^mizxy)^s^tii, ttz. 

{4. ^(^WLm^mmtixm^<r>mmmmizMLxco^ 

WL<^^nY~-yyDA-rM^Lx. mmm^H^y^ 
r^i^EA-^Wjkixmmzitnixmm^j:^p^i^^ 
V EK-ti^)itiii-^^wmx'%h:s.o \izimx,x t 

[0159] mm.^mrz%ts:\^'^. tfz\ti. 

<rmm.^mtzttzt>\.z\t. mimmmmmmx-h 
o:>'mEkVso^k.i)^x%h. mut. ummmim'^ 
Uco, mm.^%.<th\,z\t-^-'&W£^mkwtth:L 
b. t^jth-h. 'm^m<7mm^mi:2mi)-ti>imi.z 
^tmc^y^x'hi, Mzx'o. ^smcommi 

V^mt, miK^tlfz:^-yh^'^i^-y2 8comm 

m'<r>^^xh^f)K ^izX'^xiiwm(^mmtx'm. 

-yfz^WX'iiXW 

[ 0 1 6 0 ] ^T^c, z<r>m<^mmmm3xii. 

-y^DA (Xii^i^u^T^hEA) ^miE-t^zt 
ifiX^h, mi.\X. 114 3 (a) [Z7F^. 3:^1^*-:? 

xT'^vr^yh^titz^\f^v^r'^hEA\,znLx. m 

4 3(b) t;^-r J: 0 pgg. U t>^^c7)ffiffi^M^- 
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0 . 114 3 ( b ) iZT^tx 0 tc. ^m^'i^^^m^com 
[0161] (Da) x-mmximiE^titz^i^u^ T 

ij^u^^-^^i^izx^m.'^^tix. m44iz^xo 

m4 2tmmiz. ^mcommm^zx^mTr^^ 
ti. tti. mm±T^^^mi:i^^t^ztizx^^m 

Miffli^ii. :imm^mt ixm^ermmmizfi 

[0 162] {j)mm^mm^izxtY--y 

^mms^tii:hi:iti^r^^ tlx . nrnm-^m 

0. ^mm^^%i<z^Uz'0^j:t\ Y-=.yym 

pwti^Y-~y^^fTd^^tnmizno. "fub. 
u-(T^h(DTm^i}^h^<Dx\ ^mmmummmz 

tiX\^:h(7)X\ nMm^^li^(7)Y^=.yy<7)ay-t 

(0 163] CliitwiO. m4 5iz^tXo^j:Y-=.y 

th:ikij<X'^^. ZZX\ Zcr>m4 5X'ii. -pgOjg 
mP^i^fi) V--yi/DAa 1 . ZPg^Oji!}^!*] 
1^) V-::iy^DAa2lIJOfC. ^?5l^02m^|5lgt 
|»J{frcoy7:}— ASgfc tT<OZ|igcOJt!f^!ll*I (^1*1) V 
-ri:/^^DAa3*JlS^$ilTV>|,. CliOiotC. CICO 

'^oY~~y'/t mkti:Y-~yn\mm^V-~y^ 

Mz^y). (r^yi^m) im%t 
imA^zM^^mm^m^^jii^himt UTcosjaasg^ 

[0 164] 

[ ^HjcT)^* ] \;xmm LtzXo\.z^ mim i tm<m 
mr^ym^i^xT-A. mLm4wmmmr^y<7>m 
mmx\mm 5 tmmmry y^^mw^z j: ii 
(i\ m%ryymmz'mti:m^<r>mifmm.-(/wm.m 
mi)^hixmti\^}±(^mt/--y'/ti^mn^ti. 

xki^tiif)±<mw^Y-~y'/i:iimn^ti. ^<^mm 
\^Y-~y^tm^mmm^mmm-^ixmtia 



vy\t. m&<mwf^wM'^ixx\^h(^x:. m%(mm. 

[01651 wm2^<r>miim\/x^2^^tz\m 

%mmL(mwyymmw,z^ix\f. imryy 
mMi>zm^j:m^(r>m:^mmwmm^' hM^/- 
~y:/i}m%^ix^ ^<omt/-~y^izm-:i^m:^m 
mRvmmmmmsiryy-y^i\^-f\^i)>c, ixii 

mn^ix. ^coj^-yhJ-^^-yxmrniizm-^^m 
wmRv^m^mi)^i^ixii^ti\i)±cr)mm\HY--y 
^mn^ti. ^mmY-~y:/tm^m.vm 
mmci)^^ 1 xi:ii^tiiiLt<7)}m\fiu^ ht/^mM^ 

ixii^tit;}±commryyi}mn^tii<7)x\ ^icox 

dlzlxnWzmmryyii. ^--y hA'^^-yj-jH 

ti Lm&(Dwmizmtfzmmmmry y<r)^mmx. 
I, 

[0166] Mzx 0 . i--y hmm<7)r^yms^ 

ixfzm^ryyco-kXti^^:::--/ hm^<oryy-y:ffV 

-fi'mt:t<Dx\ nwm$(owtmi'^^xi,:j.-y 
hm9i,zx^ryymmt^m&it^titztm\.\ 
[0167] mmsamcom^ryyi^i^xTMz 

yybti>ryyiii:tj^mzX'Otii:h^ti. ttz. ztih 

(rmmnv-:=-yy . wmvAr-^v. mmryya 
^mmmi>zM}!^ixnmmizxmm^ti^(7)x\ m 

<nnry ymk^m]\,z-m:th ^ b h . 

[0 168] Mzx^. ryym.^im%tim^ 
i.zm.^Mm^m'oti:t^m'>/fiit Lx<^mmimmoz. 
t ti<x'^ I. t\^o mmmm^mti ^ t i)<x't 
I.. 

[01 ] :^mm(7)mm<mmmmmr'?y^i^:!^ 

(ttzumw.) <7)±immt:^tmx'hi. 
m2] micom^ryym^>'XTAt:m\^rzmmr 
yy^ijmmmmx'hi . 
[03 ] r zfdh 0 J (mtRm^wm-mx'hi, 
[114] 113-c ^miizztihhi t:msiiti^<7)mm 
mx'h^. 

[US] m2cm:mBmm-tmTh^ , 
[116] ii2<7)S2|sffif8 im^f^ry^-h) ^is^ 
■t^^<^mmcr>H^\x'$>h, 
im7]mm±i>zm^tifzmmm<omm'S:7ntmT 

[08] m2cr>:ifzh'oi:nm ^mmrhhTuyy 
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[^9 ] mm±izt^7n^ixi^w&m>-hmmm 

mi 0] imY'--y^^<D~mimm-tmx%i>, 
[011] mmY-~y^^<7)^mt:mBntm'Ch 

[HI 2] ^m-=~y'/<^wmmwiX'hh. 

[HI 3] a~7 Vn^-y<7)--m^m'mX'hi>, 

[HI 4] ws^^Y-=^y'/<^-m^mm-m'Ch 

mi 5] ^^v~-yy<r)~^mmx'ht. 

mi b]^fv/--y'/<r)wmmx'hh. 

mii^^nv^T'^ho^-immx'hh, 

[HIS] ^^v^T'^hc^mmmx'hh. 

[ H 1 9 ] w^ry yc^-immx'h i . 

[1112 0] mmryymmmx'hi. 

[H2 1 ] mL'oY--yymiEmiWMmx' 

[112 2] rBmov--y^^**i*iffi^^-i-'i:«ii-ri. 

^mmtmx'hi. 

I., 

[H2 4 ] 112 4 ( a ) - ( f ) {i. WcA^mm:)^- 

Mzm^ 0 ^^mcom^mmnth'^mmx'h^ , 

[112 5 ] 112 5 ( a ) - ( h ) (i, S/jNa5MJ^^^;U- 

[112 6 ] ^m&mfu-Mz^-yti^s^mcDmMxm^ 
[112 7] gpjlS?^;p-;U3t^oyi#aJM<ogjgigSr 

[112 8] ^sMmju-Mz^-^timmcrmmiim 
mm-mx'»>h, 

[112 9 ] umijmmj\^-fuimm-ht:if)cr)^mm 

xhh. 

[|13 1 ] IISfeC^?^SI2fc«l.ii!|ij7-7yli^v';^TA 

<r>yu~i^-fmxhh, 

[113 2] ^l!f£cr,Jg^2lCf^«,jl!1^7'7>'*ISS>';^Ti. 
i07P-$r^-rilf$)l.. 

[113 3 ] 5^ifiV--:x^^iOfl!2<?)Caj$:^^-ril-C'^)l. . 
[H3 4 ] ^# t^i OJl«t;tUc«!l«{iii&H-Cft«.. 

[113 5] mmmmMttzmmji(r>mmxhh. 

[113 7] 5gctfi^^B,TOiJi^iiB8-r2.ii-c'^>^. 
[113 8 ] mi<^mLmiiwm-mx'hh. 
[113 9] m&<r>mm3m.'m!mxhh, 

[114 0] JL-.y hM-:?-y2 8^Stl?X{i1iiE-ri)ii 

ffl0iJ^ittBBt'l.llT'S)l.« 

[114 1 ] mm±.\,zwn^ixtzmt/-=~y'/^mM 



[04 2] ^Mc^?^® 3 tc^l.^|*|V--yi/cr)-||t 
[114 3 ] ^l^ll^-f r-^ hO#i>tCckl.fgiE<0)Sg$:iJi 

m-th'wmxh 0 . ( a ) {isiiit j: o ^i^^titz^ 
n\y^r^\>^:7^sL. ( b ) \,i.^m^z^hmMk<r>^f\ 

[H4 4 1 HJtOJ^® 3l3^l.^rtU-f T'> b i:3e:Jl!!V 

~::^>'i/<7)^^®ffi$:ittHJ-tl.llT'3i-l> , 

[114 5 ] vv-x^m%iziihv-~yy%mmxh 

I •mw^ymii^:^T-t^ 

3 : tis:^^® {rvy^-n^m 

3 A : mm 

4 : nyt^jL-:? 

I I '.:Ltzh^'m 
1 2 : :itzhy)m 

1 3 : S>{s^^JS@0iJ 
14 :|SC«6 
1 5 

1 6 : sm^ 

17 

17 1: Srarro-^ (SMA P ) 
18 

1 9 : 

19 1: ^mw^-t)v 
192 -.n^zru-vif 

2 0 : Jil(0:^[6l 
2 1 :m;lf'f 

2 2 : ii!t^ies^igiis 

2 3 : JolJja^^ 

2 4 : ryyM^m 

25 :fc«^m-K^y 

26 :|Sc«!ltP8;Jf^':^ 

2 7 : ^^v-'-yyTf^^y 

2 8 : y h>'N°:?->' 

2 9 : Ub'y^^- :/-f:^y;/LD 
30 :fPM 

3 1 : ^>y^y 

3 2 - .mm 

3 3 - .mm 

3A:V>{V 

3 5 : f-^^-y^^m 

3 6 :SciaV--i^^^;K^:^ 

3 7 : iiSlJfPM 

38 :^f^l^>fr'^h;K^y 
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including at least one member selected from titanium 
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ides with aromatic polyvalent carboxylic acids or anhy- 
drides thereof, with a specific phosphorus compound, 
in which catalyst the contents of titanium and phospho- 
rus elements are controlled. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a process for producing a poly(ethylene aromatic carboxylate ester) resin 
using a polycondensation catalyst obtained from a titanium compound and a phosphorus compound, the resin obtained 
by the process and products thereof. More specifically, the present invention relates to a process for producing a poly 
(ethylene aromatic carboxylate ester) resin, which has excellent transparency, excellent color tone and excellent melt 
stability without fomiing foreign matters (or with forming less foreign matters) originating from a polycondensation 
catalyst in the production process using a polycondensation catalyst obtained from a titanium compound and a phos- 
phorus compound, a resin obtained thereby, and fornied products thereof, for example, fibers, film and bottle-fomned 
article. 

BACKGROUND ART 

r0002] Poly(ethylene aromatic carboxylate ester) resins such as polyethylene terephthalate. polyethylene naphtha- 
late poiytrimethylene terephthalate and poiytetramethylene terephthalate (which will be referred to as polyester resins 
hereinafter) have excellent mechanical properties, excellent heat resistance, excellent electric insulating properties 
and excellent chemical resistance and are widely used as materials for forming shaped articles such as fibers and 
bottle-formed articles in which the above-mentioned properties are utilized. 

[00031 As the process for producing polyethylene terephthalate, for example, there is known a process of directly 
esterifying terephthalic acid with ethylene glycol, or transesterifying a lower alkylester of terephthalic acid, such as 
dimethyl terephthalate with ethylene glycol, or reacting terephthalic acid with ethylene oxide to fomn an ethylene glycol 
ester of terephthalic acid and/or a polymer having a low polymerization degree and polycondensing the reaction product 
with heating under reduced pressure until a predetemiined polymerization degree is attained. 
r00041 in the production of the polyester resin such as polyethylene terephthalate, generally a polycondensation 
catalyst is used in order to allow the polymerization reaction to smoothly proceed. The rate of the polycondensation 
reaction and the quality of the resulting polymer are drastically influenced according to the kind of the polycondensation 
catalyst Various metal compounds are known as the polycondensation catalyst. Among these metal compounds, an 
antlniony (Sb) compound such as antimony trioxide is widely used because it is cheap and has a high polymerization 
activity and also the resulting polymer has comparatively good color tone. However, when the Sb compound is used 
as the polymerization catalyst, a portion thereof Is reduced during the polycondensation reaction to fomi metallic Sb 
or other foreign matters, and thus causing a problem In that the resulting polymer is darkened and/or the production 
orocess is made unstable, resulting in deterioration of the quality of the fomied article produced from the resulting resin. 
rOOOSl When the Sb compound is used as a polycondensation catalyst for polyester and the resulting polyester resin 
is continuously melt-spun for a long time, foreign matters (which may be referred to as spinneret foreign matters, 
hereinafter) are deposited and accumulated around spinning orifices and a bending phenomenon anses in molten 
polymer streams, and thus causing a problem in that the filaments are fuzzed and/or filament yam breakages occur 
in the resulting filament yam during the spinning and drawing steps. ^ ^ ■ 

[00061 As the polycondensation catalyst other than the antimony compound, a germanium compound and a titanium 
compound such as tetra-n-butoxyUtanium are proposed. The germanium compound is considerably expensive and. 
therefore there is a problem that a cost in the production of the polyester becomes higher. When using the titanium 
compound as the polycondensation catalyst, a phenomenon of the deposition of foreign matters around spinning en- 
tices is suppressed during the melt spinning of the resulting polyester resin. However, in this case, there anses such 
a known problem peculiar to the titanium compound that the resulting polyester itself is colored yellow and/or the melt 
ofthe resulting polyester resin has poor themiai stability. 

[0007] To solve the coloration problem of the polyester resin, which originates from the polymerization catalyst, yel- 
lowish coloration Is generally suppressed by adding a cobalt compound to the polyester Although the color tone (color 
value b) of the polyester can be certainly improved by the addition of the cobalt compound, there arises a known 
problem that the melt thermal stability of the polyester is further lowered by the addition of the cobalt compound, and 
thus accelerating the decomposition of the polymer. . . ^ ,^ ,^ 

[00081 Japanese Examined Patent Publication (Kokoku) No. 48-2229 discloses titanium hydroxide as the other tita- 
nium compound used In the polycondensation catalyst of the polyester resin, while Japanese Examined Patent Pub- 
lication (Kokoku) No. 47-26597 discloses to use «-titanic acid as a catalyst for production of a polyester. However, in 
the former method titanium hydroxide is not easily powderized, while in the later method, a-titanicacid is easily changed 
in properties, and, therefore, it is not easy to store and handle. Therefore, these processes are not suited for use in 
an industrial field and it is also difficult to obtain a good color tone (color valuo b). 

[0009] Furthermore. Japanese Examined Patent Publication (Kokoku) No. 59-46258 discloses to use a product ob- 
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tained by reacting a titanium compound with trimellitic acid as a polycondensation catalyst for production of a polyester, 
and Japanese Unexamined Patent Publication (Kol«ai) No. 58-38722 discloses to use a product obtained by reacting 
a titanium compound with a phosphite ester as a polycondensation catalyst for production of a polyester. Although the 
thermal stability of the melt of the polyester is Improved to some extent by using these polymerization catalysts, the 

5 resulting polymer has poor color tone (color value b) and thus a further improvement in color tone (color value b) of 
the polyester is required. It Is an effective means to use no antimony as the catalyst in order to suppress the deposition 
of spinneret foreign matters. However, according to the process using no antimony, the resulting polyester resin and 
polyester resin product, particularly polyester fibers, have unsatisfactory color tone. Therefore, it has conventionally 
been difficult to put a catalyst free from antimony into practice. 

10 [0010] Furthermore, there is known a process of regenerating a polyester resin using, as a raw material, an aromatic 
dicarboxylate ester obtained by recovering used polyester products (for example, fibers, films and bottles), followed 
by washing, grinding and further depolymerization. In this case, it is also required to develop a process for producing 
a regenerated polyester having good transparency and good color tone. 

15 DISCLOSURE OF THE INVENTION 

[0011] An object of the present invention is to provide a process for efficiently producing a poly(ethylene aromatic 
carboxylate ester) resin, which contains impurities in a decreased amount and has excellent transparency, high thermal 
stability of the melt and good color tone, a poly(ethylene aromatic carboxylate ester) resin obtained thereby, and various 
20 formed products obtained by using the resin. 

[0012] The process of the present invention for producing a poly(ethylene aromatic carboxylate ester) resin com- 
prises polycondensing a diester of an aromatic dicarboxyllc acid with ethylene glycol in the presence of a catalyst 

system, . . 

wherein the catalyst system comprises at least one member selected from the group consisting of: 

non-reacted mixtures and reaction products of (1 ) a titanium compound component comprising at least one member 
selected from the group consisting of titanium alltoxides and reaction products of titanium alkoxides with aromatic 
polyvalent carboxylic acids or anhydrides thereof with (2a) a phosphorus compound component comprising at 
least one member selected from the compounds represented by the general formula (1): 

11 II OR^ 

35 0 0 

wherein H\ R2 and respectively and independently from each other represent an alkyi group having 1 to 4 
carbon atoms and X represents a -CHg- group or a group represented by the formula (1a): 



25 



30 



40 



45 



CH — 

(la) 




and 

50 non-reacted mixtures of the above-mentioned titanium compound component (1) with (2b) a phosphorus com- 

pound component comprising at least one member selected from the phosphorus compounds represented by the 
general formulae (2) and (3): 



{RM„-(0)„-P-(0H)3.„ (2) 
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and 



0(CHjCHg -0>T7H 
H-(0-CH3CH,),-0-P-0-(CH,CH,-OhTH 

0 

wherein in the formula (2). R* represents an alkyl group having 2 to 1 8 carbon atoms or an a^rl group having 6 to 
20 caZ atoms, n represents an integer ot 1 or 2 and when n represents 1 p represents an '';«9- o' 0 or 1^^^^^^ 
when n represents 2 p represents zero, and in the fomiuia (3). m, ma and mb respectively and independently 
from each other represents an integer of 1 or 2, 
the catalyst system satisfying the requirements (a), (b) and (c): 

2 S M-n S 15 

10 g (MTi+Mp) S 100 (c) 

in which reauirements (a) (b) and (c), represents a ratio of the amount In the units of mllli moles of titanium 
eiemencrrdTnm^^^^^^^ 

Sc^r^oSe ester units in the po^(ethyiene aromatic dicarboxylate ester), represents a ratio of the amoun 
0 DhosXms e em^^^^^^ in the units of mlii moles contained in the catalyst system to the total amount in the uni s 
of moronhe'epel^ ethylene aromatic dfcarboxylate ester units in the poly(ethylene aromatic d«:arboxylate 
ester). 

rooi3l The orocess of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin op- 
SSfurer'coZiiproduc-^ 

Crsf P°'V(-^V-e aromatic dica.oxylate esteO resin op- 

S furerTomSses producing the diester of an aromatic dicarboxylic acid with ethylene glycol by a transesten- 
fication reaction of a dialkylester of an aromatic dicarboxylic acid with ethylene glycol. 

00 51 nte process d the present Invention for producing a poly(ethylene aromatic "^'"^^^^ f J^^^^^. ^^^^^ 
pre e'ibi the transesterification reaction of the dialkylester of the aromatic dicarboxylic acid f 9 J 
. ^ , ir, ih. nrPQPnrP of at least the non-reacted or reacted titanium compound component (1 ); and the resultant 
Jet« ntl e Ee^^^^^^^^^^ reaction and containing the diester o, the aromatic dicarboxylic acid w.th 

etSreXo is subjected te a polycondensation maction in the presence of a catalyst system comprising, together 
SSasYthe non-reacted or reacted titanium compound component (1) contained ,n the reaction mixture, the non- 
reacted or r^^^^^^^ 

M?61 in the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, 
reJeXile ala" dLrbox'ylic acid is selected from tereph.halic acid, isophthalic acid, naphthalene dicarboxylic 
arid 5-sulDhoisoDhthalate metal salt and 5-sulphoisophthalate onium salt. 

mmVl n JhTp 0 ess of the present invention for producing a poly(ethylene aromatic dicart^oxylate ester) res.n, 
Tee'ibi tredSesterofthe'aromaticdic^ 

Lodimsthvlnaohthalate diethylterephthalate, diethyl isophthalate and diethyl naphthalate. 
rooir m tie proc^^^^^ the pLent invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, the 
Sail rxidrfoMhe titanium compound component (1) are preferably selected from the titanium compounds 
represented by the general formula (4): 
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-Ti- 0' 



(4) 



mc 



in which formula (4), RS, RS, R7 and R^ respectively and independently from each other represent an all<yl group having 
2 to 1 0 carbon atoms or a phenyl group, and mc represents an integer of 1 to 4. 

[0019] in the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, the 
aromatic polyvalent carboxylic acids for the titanium compound component (1) are preferably selected from the com- 
pounds represented by the general formula (5): 



in which fomnula (5), na represents an integer of 2 to 4. 

[0020] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, the 
transesterification reaction is preferably carried out under a pressure of 0.05 to 0.20 MPa. 

[0021] tn the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, the 
dialkylester of the aromatic dicarboxylic acid to be subjected to the transesterification reaction preferably comprises 
dimethyl terephthalate in an amount of 80 molar% or more based on the total molar amount of the diailcylester of the 
aromatic dicarboxylic acid. 

[0022] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, the 
dialkylester of the aromatic dicarboxylic acid to be subjected to the transesterification reaction preferably contains 
dialkyi terephthalate recovered by depolymerizing polyalkylene terephthalate in an amount of 70 molar% or more based 
on the total molar amount of the diailcylester of the aromatic dicarboxylic acid. 

[0023] In the process of the present Invention for producing a poly (ethylene aromatic dicarboxylate ester) resin, the 
recovered dialkyi terephthalate preferably contains 2-hydroxyterephthalic acid in a content controlled to 2 ppm or less. 
[0024] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, 
preferably, the catalyst system comprises a non-reacted mixture of the titanium compound component (1) with the 
phosphoms compound component (2a) or (2b); 

the whole amount of the titanium compound component (1) is added into the reaction system before or at the 
start of the transesterification; and 

the whole amount of the phosphorus compound component (2a) or (2b) Is added into the resultant reaction 
system from the transesterification reaction before or at the start of the polycondensatlon reaction. 
[0025] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, 
preferably, the catalyst system comprises a reaction product of the titanium compound component (1) with the phos- 
phorus compound component (2a); 

the whole amount of the catalyst system is added into the reaction system before or at the start of the transes- 
terification reaction; and 

after the transesterification reaction is completed, the resultant reaction mixture Is subjected to the polyconden- 
satlon reaction. 

[0026] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, 
preferably, before the transesterification reaction, a portion of the titanium compound component (1), or a portion the 
reaction product of the titanium compound component (1 ) with the phosphorus compound component (2a), or a portion 
the phosphorus compound component (2b) Is added into the reaction system, and at least one stage during and after 
the completion of the transesterification reaction and before and during the polycondensatlon reaction, the remaining 
portion of the above-mentioned catalyst component is added into the reaction system. 

[0027] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, 

preferably, the whole amount of the phosphorus compound component (2a) is added into the diesterification reaction 
system before the start of the diesterification reaction, or a portion of the phosphorus compound component (2a) is 
added Into the diesterification reaction system before the start of the reaction, and the remaining portion of the phos- 
phorus compound component (2a) is added, at least one stage during and after the completion of the diesterification 
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reaction and before the start of and during the polycondensation reaction, into the reaction system. 

[0028] The poly(ethylene aromatic dicarboxylate ester) resin of the present Invention produced by the process for 

producing a poly(ethylene aromatic dicarboxylate ester) resin, as mentioned above. 

[0029] The poly(ethylent aromatic dicarboxylate ester) resin of the present invention optionally further comprises an 
antioxidant hindered phenol compound in a content of 1 % by mass or less. 

[0030] In the process of the present invention for producing a poly(ethylene aromatic dicarboxylate ester) resin, poly 
(ethylene aromatic dicarboxylate ester) resin preferably contains antimony element and germanium element each in 
a content controlled to 5/1 000 molar% or less. 

[0031] Polyester fibers of the present invention comprises a poly(ethylene aromatic dicarboxylate ester) resin as 
mentioned above. 

[0032] In the polyester fibers of the present invention, the poly(ethylene aromatic dicarboxylate ester) resin preferably 
comprises, as a principal component, polyethylene terephthalate. 

[0033] The polyester film of the present invention comprises a poty(ethylene aromatic dicarboxylate ester) resin as 
mentioned above. 

[0034] In the polyester film of the present invention the poly(ethylene aromatic dicarboxylate ester) resin preferably 
comprises, as a principal component, polyethylene terephthalate. 

[0035] The bottle-fonmed polyester article of the present invention comprises a poly(ethylene aromatic dicarboxylate 
aster) resin as mentioned above. 

[0036] In the bottle-fomned polyester article of the present invention the poly(ethylene aromatic dicarboxylate ester) 
resin preferably comprises, as a principal component, polyethylene terephthalate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] In the process of the present invention, a poly(ethyiene aromatic carisoxylate ester) resin Is produced by 
polycondensing a diester of an aromatic dicariDoxylic acid with ethylene glycol in the presence of a catalyst system. 
[0038] The catalyst system used in the process of the present invention comprises at least one member selected 
from the group consisting of: 

non-reacted mixtures and reaction products of (1 ) a titanium compound conriponent comprising at least one member 
selected from the group consisting of titanium alkoxides and reaction products of titanium alkoxides with aromatic 
polyvalent carboxyllc acids or anhydrides thereof with (2a) a phosphorus compound component comprising at 
least one member selected from the compounds represented by the general formula (1): 



wherein R"", R^ and R^ respectively and independently from each other represent an alkyi group having 1 to 4 carbon 
atoms and X represents a -CHg- group or a group represented by the formula (1a): 



and non-reacted mixtures of the above-mentioned titanium compound component (1 ) with (2b) a phosphonjs compound 
component comprising at least one member selected from the phosphorus compounds represented by the general 
formulae (2) and (3): 




(1) 



CH — 




(la) 
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(RM„-(0)p-P-(OH),.n (2) 



0 



and 



0(CH,CH,-0>7rH 
H-(0-CH,CH,).-0-ij-0-(CH,CH,-O)TrH <3) 

) 

wherein in the formula (2), R* represents an alkyi group having 2 to 18 carbon atoms or an aryl group having 6 to 20 
carbon atoms, n represents an integer of 1 or 2 and when n represents 1 . p represents an integer of 0 or 1 and when 
n represents 2. p represents zero, and in the formula (3). m. ma and mb respectively and independently from each 

other represents an integer of 1 or 2. .. .... i_ »h» 

[00391 The contents of the titanium element and phosphorus element contained in the catalyst system used in the 
process of the present invention are controlled so as to satisfy the requirements (a), (b) and (c): 

2 S M-n S 15 (a) 
1 g (MpflWI-n) S 15 

10 S(M-n+Mp) S 100 (c) 

in which requirements (a), (b) and (c), Mr, represents a ratio of the amount in the units of milli moles of titanium element 
containedinthecatatystsystemtothetotalamountintheunitsotmolesoftherepeat.ngethylenearomat,cd,carboxyl^^^ 

ester units in the poly(ethylene aromatic dicarboxylate ester), represents a ratio of the amount of phosphorus ele- 
ment in the units of milli moles contained in the catalyst system to the total amount in the unrts of moles of the repeating 
ethylene aromatic dicarboxylate ester units in the poiy(ethylene aromatic dicarboxylate ester). 
[00401 In the fomiula (a). Mr, is a value corresponding to the total amount of the titanium compound component used 
n the ransesterification reaction and the polycondensation reaction of the process of the present invention. The value 
of is preferably 2 or more and 15 or less, more preferably 3 or more and 1 0 or less, and most preferably 3 or more 
and 6 or less when the value of M^, is less than 2, the production yield of the objective polyester resin becomes 
insufficient sometimes, and a molecular weight of the resulting polyester does not reach a desired value, sometimes 
On the other hand, when the value of Mr, exceeds 1 5, the thermal stability of the resufting polyester becomes insufficient 
and a molecular weight is drastically lowered, sometimes, when this polyester resin is subjected to 'omiing at high 
temperature, for example, melt spinning, melt film-forming or melt bottle-forming, and thus a fomied product having 
desired mechanical properties can not be obtained. . ,,»i„^„„„,„f 

r0041l In the formula (b), the value of Mr, is as described above and is a value corresponding to the total amount of 
he phosphorus compound component (2a) or (2b) used in the transesterification reaction and the polycondensation 
reaction in the process of the present invention. A ratio M^/Mr, is preferably 1 5 or less, more preferably 2 or more and 
15 or less and most preferably 4 or more and 10 or less. When the ratio Mp/M^ is less than 1 , the resulting polyester 
resin has an yellowish color tone. On the other hand, when it exceeds 15. the polycondensation activity is not enough 
to obtain a polyester of the catalyst system, and thus making it difficult to obtain a polyester having a desired molecular 
weight When MJMr, is within a range from 1 to 1 5, the polymerization activity to a diester of an aromatic dicarboxylic 
acid and ethylene glycol of the catalyst system becomes sufficiently high and a polyester resin having a desired mo- 
lecular weioht and a good color tone can be obtained. 

[0042] Furthermore, in the fomiula (c), the sum ol Mr, and Mp, (Mr, + M^) , is preferably 10 or more and 100 or less. 
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and more preferably 2 or more and 70 or less. When the value of {Mj,^M^) is less than 10. the uniformity of the quality 
and the formability of the resulting polyester resin become insufficient and the production yield becomes .nsufficient 
when the resulting polyester resin is subjected to film-fomiing using an electrostatic impression process. Also the 
rsultingfilmhasnotauniform thickness and. therefore,theresultlngfilmhasinsufficiemfilm-formab.^ 
resistance, on the other hand, when the value of (M^ . Mp) exceeds 1 00. t^ 

foreign matters, which originates from the polymerization catalyst, resulting in "^""'^'^"^^^^"fP^^'iy,,^^^,^^ . 
r00431 The aromatic dicarboxylic acid used in the process of the present invention is preferably selected f rom tereph- 
Ihalic acid, isophthalic acW. naphthalene dicarboxylic acid. S-sulphoisophthalate metal salt and S-sulphoisophthalate 

?0M4rThe process of the present Invention may further comprise the step of producing the diester of tf,e aromatic 
raSoxyilcacidwithethylenegVcolbyadlesterificatlon reaction ofthearomatlcd^^^^^ 

ro0451 This diesterlfication reaction of the aromatic dicarboxylic acid with ethylene glycol may be earned out in he 
absence of a catalyst or the presence of a catalyst (for example, alkali metal salt or alkali earth metal salt) under the 
reaction conditions of a pressure of 0.05 to 0.20 MPa and a temperature of 230 to 280°C. . ^ . ,u 

[0046] lnanotherembodiment.theprocessofthepresertinventionmayfurthercomprisesthestepoFo^^^^^ 
diester of an aromatic dicart^oxylic acid wrth ethylene glycoj by a transestertfication reaction of a dialkylester of an 
aromatic dicarboxylic acid with ethylene glycol. o,.w u.»h 

Zm In this transesterification reaction, transesterification of a dialkylester of an aromatic dicarbox^rtic acid wrth 
Ithy^ne glycol is carried out at a temperature of 1 60 to 260"C under a pressure of 0.05 to 0.20 MPa in the presence 

fioVar'wL the pressure during the transesterification reaction Is less than 0.05 MPa the reaction may not be 
sufficiently promoted by a catalytic action of the titanium compound component (1). sometimes. On the other hand 
when the pLure exceeds 0.20 MPa. a large amount of diethylene glycol as by-product rriay be produced, and thus 
the resulting polymer may have unsatisfactory properties, for example, an unsatisfactory thermal stability. 
00491 in the process of the present Invention, when using a dialkylester of an aromatic dicarboxylic acid, an alkyl 
group preferably has 1 to 5 carbon atoms and. more preferably, methyl group, ethyl group or isopropyl 9™"? -s used. 
Preferred dialkylester of the aromatic dicarboxylic acid used in the process of the present inverrtion is Pre^rably se- 
Sfromdii^^^^^ 

tSp7ceLT«,e present Inventton. the dialkylester of the aromatic dicart^oxylic acid to be subjected to 
She transesterification reaction may comprise dimethyl terephthalate in an amount of 80 molar% or more based on the 
total molar amount of the dialkylester of the aromatic dicarboxylic acid. contain 
[00511 Thedialkylesterofthearomaticdicarboxylicacldtobesubjectedtothetransestenficationreactionmaycont^^^^ 
SSterephthallrecoveredbydepolymerizingpoiyalkyleneterephthalatelnanamountofyOmola^ 

on the total molar amount of the dialkylester of the aromatic dicarboxylic acid. ^„„„„,teri m 

?0052] The recovered dialkyi terephthalate preferably contains 2-hydroxyterephthal.c acid in a content controlled to 

roSMi°'l'nIh'e process of the present invention, when the diester of the aromatic dicart,oxylic acid with ethylene glycol 
s produced by the transesterification reaction of the aromatic dialkylester with ethylene glycol tl.s transes«on 
eLlon is usually carried out In the presence of a catalyst. As the catalyst for the transesterification reaction. ^^ "^ ^ 
Dortion of the catalyst system for polycondensation used In the process of the present invention can be employed. 
foo54 ^the process of the present invention, namely, the transesterification reaction of the dialkylester of the aro- 
matic dicarboxiJic acid with ethylene glycol is preferably carried out in the presence of the titanium compound compo^ 
nenUirwhich is not reacted with at least the phosphorus compound component (2a) or (2b) in the catalyst system 
nr rpacted with the ohosphorus compound component (2a); and 

thfresultant LcL mixture from the transesterification reaction and containing the diester of the aromatic 
dicarboxylic acid with ethylene glycol is subjected to a polycondensation reaction in the presence « ^a^^^^^^ 
comprising, together with at least the non-reacted or reacted titanium compound component (1) '"J^?^ J^^ 
action mixture the non-reacted or reacted phosphorus compound component (2a) or the non-reacted phosphorus 
} comoound component (2b) to produce a poly(ethylene aromatic dicarboxylate ester) resin. , 

the process of the present Invention, the titanium compound component (1 ). which constitutes the catalyst 
system comprises at least one member selected from the group consisting of titanium alkoxides and reaction products 

of titanium alkoxides with aromatic polyvalent carisoxylic acids or anhydrides thereof. 

?00561 in the present invention, the titanium alkoxides used in the titanium compound component (1). which const - 
5 tutes the catalyst system, are preferably selected from the titanium compounds represented by the general fomiula (4); 
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in which formula (4) RS R6 and respectively and independently from each other represent an alkyi group having 

fi?alsoprof^^an^^^ tetra-n-butoxytitanium. tetraethoxytitanium. tetraphenoxyUtamum. oc 

taalkvl trititanate and hexaalkyi ditltanate are preferably used. 

Snent (1) Which constitutes the cata^st system, are selected from the compounds represented by the general 

formula (5): 



5 



^^(COOH)„^ (5) 

in which formula (5), na represents an integer Of 2 to 4. , , o^^w 

0058] The aromatic polyvalent carboxylic acids or anhydrides thereof are preferably selected from phthahc ac.d. 
trimpllltic acid hemimellitic acid, pyromellitic acid and anhydndes thereof. 

mOsT -^e "reaZ of the titanium alkoxlde with the aromatic polyvalent carboxylic acid (or -^nde hereoO -s 
S out by mixing the aromatic polyvalent carboxylic acid or anhydride thereof w.th a solvent, thereby to dissolve 
a a rtrof the aromatic pol^alVn. carboxylic acid in the solvent, adding dropwise the alk- e t he 

mixed solution and maintaining at a temperature of 0 to 200»C for 30 or more minutes, and preferably at 30 to 150 C 
" reaction pressure Is not specifically limited and may be normal P--"--^^-<J^^^^^^^^^^ 

seSedfSr, those capableofdissolvingaportionorall of thearomatic polyvalent carboxyhcan^ 

andTprerab^y selected ethanol, ethylene glycol, trimethylene glycol, tetramethylene glycol, b-zene and ^^^^^^^^^^^ 
raoeoi A reacVion molar ratio of the titanium alkoxide to the aromatk: polyvalent carboxylic acid or anhydnde thereof 
r„o?LjlfTc2TmrrHov.ever when the propo^ 
avl " oS^^^^^^^ point, on the other hand, when the proportion of the titanium ^koxlde ,s too 

ow tSe Xondensatlon reaction sometimes hardly proceeds. Therefore, the reaction molar ratio of he — 
atoxidetomearomatic polyvalent carboy 

tt 2/5 The eaction product obtained by the reaction may be subjected as it is to the reaction with the above-mentioned 
phospho^rcompou^^^ 

Donent (2a) after purifying by recrystallization with a solvent comprising acetone, methyl alcohol and/or ethy" ^oeta e^ 
ST] lln mboient of the catalyst system used in the process of the present Invention, a non-reac^ mixture 
or a reaction product of the titanium compound component (1 ) with the phosphorus compound component (2a) is used^ 
The phothorus c^^^^^^^^ component (2a) contains at least one member selected from the phosphorus compound 

K^ChS^^^^^ compound) represented by the general formula (1) is preferabj 

EcLJomSXesters.dUles5ers.di 

roethoxvmeTanesulfonic acid carbopropoxymelanesulfonic acid, carbobutoxymetanesulfonic acid, carbome hoxy- 
phosphor^^^^^^^^^^ carboethox'-phosphono-phenylacetic acid, carboprotoxy-phosphono-phenylacetic acid 

Sanium impound comp^^^^^ rLveiy mildly, and thus making possible to extend the duration o t e catalyt^ 
Srore Wanium compound during the polycondensation reaction and to reduce the amount of the catalyst system 
fo reldrd during the polyester polymerization reaction. Even if a large amount of stabilizers is added to the catalys 
system com^^^^^^^^^^ p'ho'sphorus compound of the formula (1), the thermal stability of the resulting polyester is not 

low(3rGd and the color tone is not made insufficient. ^«„«„t 

COM] The reaction product of the titanium compound component (1) with the phosphorus cornpound cor^ponen 
2a) S produced for example, by mixing the phosphorus compound component (2a) comprising a least one mernber 
SS ror,he phosphorus compound of the formula (1) whh a solvent, thereby to dissolve all or a portion o 
phosTho us compound component (2a) in the solvent, adding dropwise the titanium compound component (1 ) to the 
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mixed solution and maintaining the reaction system at a temperature of 50 to 200°C. preferably at 70 to 150 C, for 
one minute to 4 hours preferably 30 minutes to 2 hours. In the reaction, although the reaction pressure is not specifically 
limited and may be any of pressure (0.1 to 0.5 MPa), the ambient atmospheric pressure and reduced pressure (0.001 
to 0 1 MPa) the reaction is usually carried out under the ambient atmospheric pressure. 

ro0651 The solvent for the phosphorus compound component (2a) of the fomiula (1 ) used In the reaction for produc- 
tion of the catalyst is not specifically limited as far as it can dissolve at least a portion of the phosphorus compound 
component (2a) For example, a solvent comprising at least one member selected from ethanol. ethylene glycol tn- 
methyiene glycol, tetramethylene glycol, benzene and xylene is preferably used. Particularly, the same compound as 
a glycol component, which constitutes the polyester to be finally obtained, is preferably used as the solvent. 
100661 In the reaction for production of the catalyst, preferably the ratio of the titanium compound component (1) to 
the phosphorus compound component (2a) in the reaction system Is controlled so that a reaction molar ratio of a rnolar 
amountcalculatedlntemisoftitaniumatom(mT,)of the titanium compoundcomponent(1)toamolar amount calculated 

In temis of phosphorus atom (mp) of the phosphorus compound component (2a), m^-Zmp, is within a range from 1:1 to 
1 :3, and preferably from 1 :1 to 1 ;2 in the reaction product of the titanium compound component (1 ) with the phosphoms 
cornpound component (2a) contained In the resulting catalyst. 

100671 The reaction product of the titanium compound component (1) with the phosphorus compound component 
(2a) mav be used as the catalyst for production of the polyester without purifying after being separating from the reaction 
system using a means such as centrifugal sedimentation or filtration. Alternatively, the separated reaction product may 
be used as the catalyst after purifying by recrystaliization with a recrystallizing agent, for example, acetone, methyl 
alcohol and/or water. Also the reaction product-containing reaction mixture may be used as It is as a catalyst-containing 
mixture without separating the reaction product from the reaction system. 

100681 In the catalyst system used in the process of the present invention, the titanium compound component (1 ) 
and the phosphorus compound component (2a) may be used as the non-reacted mixture. In ^^f^^' « '^J" °^ 
titanium compound component (1) to the phosphoms compound component (2a) is controlled so that a ratio of a rnolar 
amount calculatedinterms of titanium atom(mT,)of the titanium compoundcomponent(1)toamolaramountcaiculated 

in terms of phosphorus atom (mp) of the phosphorus compound component (2a). mp/mp. is within a range from 1 :1 to 
1:15, and more preferably from 1:2 to 1:10. , j 

r00691 In another aspect of the catalyst used in the process of the present invention, the titanium compound com- 
ponent (1) is used after mixing with the phosphorus compound component (2b) comprising at least one member se- 
lected from the phosphorus compounds represented by the general formula (2) or (3) . ^ 
[00701 Specific examples of the phosphorus compounds represented by the general fomiula (2) include Ph^nylphos- 
phonic acid methylphosphonic acid, ethylphosphonic acid, propylphosphonic acid, isopropylphosphonic acid, butyl- 
phosphonic acid, tolylphosphonic acid, xylylphosphonic acid, biphenylphosphonic acid, naphthylphosphomc acid an- 
ihrvlphosphonic acid, 2-carboxyphenylphosphonic acid. 3-carboxyphenylphosphonic acid, 4-carboxyphenylphosphon- 
ic acid 2 3-dicart)0xyphenylphosphonic acid. 2,4-dicarboxyphenyl phosphonic acid, 2,5-dicarboxyphenyl phosphonic 
acid 2 6-dlcarboxyphenyl phosphonic acid, 3,4-dicarboxyphenyl phosphonic acid. 3.5-dicarboxyphenyl phosphonic 
acid' 23 4-tricarboxyphenyl phosphonic acid. 2,3.5-tricarboxyphenyl phosphonic acid. 2.3.6-tricarboxyphenyl phos- 
phonic acid, 2,4.5-tricarboxyphenyl phosphonic acid and 2,4,6-tricarboxyphenyl phosphonic acid in case p represents 
0 Among these compounds, monoarylsulfonic acid Is preferred. ^ 
100711 Specific examples of the other phosphorus compounds represented by the general fomiula (2) include mon- 
omethyl phosphate, monoethyl phosphate, monotrimethyl phosphate, mono-n-butyl phosphate, monohexyl phosphate, 
monoheplyl phosphate, monononyl phosphate, monodecyl phosphate, monodoedcyl phosphate, monophenyl phos- 
phate monobenzyl phosphate, mono(4-dodecyl)phenyl phosphate, mono{4-methyl)phenyl phosphate mono 4-ethyl) 
phenyl phosphate, mono(4-propyl)phenyl phosphate. mono(4-dodecylphenyl) phosphate, monotolyl phosphate, mon- 
oxylyl phosphate, monobiphenyl phosphate, mononaphthyl phosphate and monoanthryl phosphate in case p repre- 

[0072] ' Specific examples of the phosphorus compound of the geenral fomiula (3) include tri(hydroxyethoxy) phos- 
phate and trl(hydroxyethoxyethoxy) phosphate, 

r00731 In the catalyst system used in the process of the present invention, the titanium compound component (1) 
and the phosphorus compound component (2b) may be used in a non-reacted mixture thereof . In this case, the mixing 
of the titanium compound component (1 ) to the phosphorus compound component (2b) is preferably controlled so that 
the ratio of a molar amount calculated in temis of titanium atom (m^ of the titanium compound component to a rnolar 
amount calculated in temis of phosphorus atom (mp) of the phosphorus compound component, m^Jm^. is within a 
rangefrom1:1 to1:15,andmorepreferabiyfrom1:2to1:10. ^.„,,h« 
i r00741 Even if the phosphorus compound components (2a) and (2b) containing the phosphorus compounds of the 
qeneral formulae (1), (2) and (3) coexist as a reaction product or non-reacted mixture with the titanium compound 
component (1 ) in the transesterification reaction of the dialkylester of the aromatic dicarboxylic acid with ethylene glycol, 
they do not exert an adverse influence on the transesterification reaction and also exhibit a strong catalytic activity, 
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together with the titanium compound component (1). in the polycondensation reaction of the diester of the aromatic 
dicarboxylic acid with ethylene glycol. 

[0075] In the process for producing the polyester of the present invention, a polymerization starting material com- 
prising the diester of the aromatic dicarboxylic acid with ethylene glycol (or may be a low polymer (oligomer) thereof) 
is polycondensed in the presence of the catalyst. 

[0076] The polycondensation reaction is preferably carried out at a temperature of 230 to 320°C under nonnal pres- 
sure or reduced pressure, preferably 0.05 Pa to 0.2 MPa, or under the combined conditions for 15 to 300 minutes. 
[0077] in the process of the present invention, in case the catalyst system comprises a non-reacted mixture of the 
titanium compound component (1) with the phosphorus compound component (2a) or (2b). optionally, 

the whole amount of the titanium compound component (1) is added into the reaction system before or at the 
start of the transesteriflcation, and 

the whole amount of the phosphorus compound component (2a) or {2b) is added Into the resultant reaction 
system from the transesteriflcation reaction before or at the start of the polycondensation reaction. 
[0078] In case the catalyst system comprises a reaction product of the titanium compound component (1) with the 
phosphoms compound component (2a), optionally, the whole amount of the catalyst system Is added into the reaction 
system before or at the start of the transesteriflcation reaction and 

after the transesteriflcation reaction is completed, the resultant reaction mixture Is subjected to the polyconden- 
sation reaction. 

[0079] In the process of the present Invention, in case the diester of the aromatic dicarboxylic acid with ethylene 
glycol Is produced by the transesterification reaction, optionally, before the transesteriflcation reaction, a portion of the 
titanium compound component (1 ), or a portion the reaction product of the titanium compound component (1 ) with the 
phosphorus compound component (2a), or a portion the phosphorus compound component (2a) is added into the 
reaction system, and at least one stage during and after the completion of the transesterification reaction and before 
and during the polycondensation reaction . the remaining portion of the above-mentioned catalyst component is added 

into the reaction system, . u . 

[0080] In the process of the present invention, in case the diester of the aromatic dicarboxylic acid with ethylene 
glycol is produced by the diesteriflcation reaction, optionally, the whole amount of the phosphorus compound compo- 
nent (2a) is added into the diesterification reaction system before the start of the diesterlficatlon reaction, or a portion 
of the phosphorus compound component (2a) is added into the diesterification reaction system before the start of the 
reaction, and the remaining portion of the phosphorus compound component {2a) is added, at least one stage during 
and after the completion of the diesterification reaction and before the start of and during the polycondensation reaction, 
into the reaction system. 

[0081 ] According to the process of the present invention as mentioned above, a poly(ethylene aromatic carboxylate 
ester) resin having a good color tone is obtained without fonning foreign matters (or with forming less foreign matters) 
which originate from the catalyst system used. 

[0082] If necessary, reaction stabilizers such as trimethyl phosphate may be added into the polyester resin of the 
present invention in any stage during the production of the polyester resin and. if necessary, one or more members 
selected from additives such as antioxidants, ultraviolet absorbers, flame retardants. fluorescent whitening agents, 
matting agents, color-regulating agents, defoaming agents and the like. It is particularly preferred that the polyester 
contains an antioxidant containing at least one member selected from hindered phenol compounds, and the content 
is preferably 1% by mass or less based on the mass of the polyester. When the content exceeds 1% by mass, there 
sometimes arises a problem in that themial deterioration of the antioxidant itself causes the quality of the resulting 
product to be degraded. The hindered phenol compound for antioxidant used in the present invention can be selected 
from pentaerythritol-tetrakis[3-(3.5-di-tert-butyl-4-hydroxyphenyl)propionate, 3.9-bis{2-[3-(3-tert-butyl-4-hydroxy- 
5-methylphenyl)propionyloxy]-1,1-dimethylethyl}-2.4.8,10-tetraoxaspiro[5,5]undecane, 1.1,3-tris(2-methyl-4-h 
5.tert-butylphenyl)butane. 1 .3,5-trimethyl.2,4.6-tris(3.5-dl-tert-butyl-4-hydroxybenzyl)benzene, 1 .3,5-tris-(4-tert-butyl- 
3.hydroxy-2.6-dimethylbenzene)isophthalic acid, triethyl glycol-bis[3-(3-tert-butyl-5-methyl-4-hydroxyphenyl)propion- 
ate, l,6-hexanediol-bis[3-(3.5-di-tert-butyl-4-hdyroxyphenyl)propionatel. 2.2-thio-diethylene-bis[3-(3,5-di-tert-butyl- 
4-hydroxyophenyl)propionate] and octadecyl[3-(3,5.d}-tert-butyl-4-hydroxyphenyl)propionate]. These hindered phenol 
antioxidants are preferably used in combination with thioether secondary antioxidants. 

[0083] Although the method of adding the hindered phenol antioxidant into the polyester is not specifically limited, 
the hindered phenol antioxidant is preferably added in any stage during or after the completion of the transesteriflcation 
reaction and before the completion of the polycondensation reaction. 

[0084] To finely control the color tone of the resulting polyester, color-regulating agents comprising one or more 

members selected from organic and inorganic blue pigments such as azo. triphenylmethane, quinoline, anthraquinone 
and phthalocyanine pigments can be added into the reaction system in the stage of producing the polyester. In the 
process of the present invention, as a matter of course, it is not necessary to use an inorganic blue pigment containing 
Co. which lowers the melt thermal stability of the polyester, as the color-regulating agent. Therefore, the polyester 
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obtained by the process of the present invention is substantially free from cobalt. 

[0085] In the polyester obtained by the process of the present invention, the value L obtained by a Hunter type 
colorimeter is usually 80.0 or more and the value b Is usually within a range from -2.0 to 5.0. When the value L of the 
polyester is less than 80.0, a high whiteness formed article, which can be put into practice, can not be obtained some- 

5 times because the resulting polyester has poor whiteness. When the value b is less than -2.0, the resulting polyester 
has less yellowish tint, but a bluish tint Increases. On the other hand, when the value b exceeds 5.0, the resulting 
polyester can not be used In the production of a practically useful formed article, sometimes, because of strong yellowish 
tint. The value L of the polyester obtained by the process of the present invention is preferably 82 or more, and par- 
ticularly preferably 83 or more, while the value b is preferably within a range from -1 .0 to 4.5, and particularly preferably 

10 from 0.0 to 0.4. 

[0086] The value L and the value b of the polyester obtained by the process of the present invention are measured 
by the following procedure. That is, a polyester sample is melted at aso^C under vacuum for 10 minutes and formed 
into a plate having a thickness of 3.0±1 .0 mm on an aluminum plate. The polyester specimen Is Immediately quenched 
in ice water, dried at 1 60°C for one hour, subjected to a crystallization treatment and then placed on a white standard 

IS plate for adjusting a colorimeter The color tone of the surface of the platelike specimen on the standard plate is meas- 
ured by using a colorimeter, for example. Hunter type color difference meter, CR-200 manufactured by Minolta Co., Ltd. 
[0087] The intrinsic viscosity of the polyester in the present Invention Is not specifically limited, but is preferably within 
a range from 0.50 to 1 .0. When the intrinsic viscosity is within the above range, melt fonming can be easily earned out 
and the resulting formed article has a high strength. The intrinsic viscosity is more preferably within a range from 0.52 

20 to 0.9, and particularly preferably from 0,05 to 0.8. 

[0088] The intrinsic viscosity of the polyester is measured at a temperature of 35^C after dissolving the polyester to 
be tested in ortho-chlorophenol. 

[0089] The polyester produced by solid phase polycondensation is generally used in the production of bottles, and 
therefore, it is preferred that the content of cyclic trimer of an ester of the aromatic dicarboxylic acid with ethylene glycol 
25 contained In the polyester and having an intrinsic viscosity of 0.70 to 0.90 is 0.5 % by weight or less, and the content 
of acetaldehyde in the polyester is 5 ppm or less. 

[0090] The poly(ethylene aromatic dicarboxylate ester) resin produced by the process of the present invention pref- 
erably cental ns antimony element and germanium element, as impurities, each In a content controlled to 5/1 000 molar7o 
or less, and more preferably 2/1000 molar% or less. 
30 [0091] When the content of antimony element and germanium element in the polyester exceeds 5/1000 molar7o, the 
resulting polyester may have a dark blackish color peculiar to antimony element and incorporation of germanium ele- 
ment causes a problern such as increase in manufacturing cost of the resulting polyester. 

[0092] As described above, the content of antimony element and germanium element in the poly(ethylene aromatic 
dicarboxylate ester) resin is controlled to 5/1000 molar% or less by controlling the content of antimony element and 
35 germanium element In the diester of the aromatic dicarboxylic acid with ethylene glycol to be subjected to the poly- 
condensation reaction. 

[0093] Polyester fibers can be produced from the poly(ethylene aromatic dicarboxylate ester) resin of the present 
invention. 

[0094] In this case, the poly(ethylene aromatic dicarboxylate ester) resin preferably comprises, as a principal com- 
40 ponent, polyethylene terephthalate. 

[0095] A polyester film can be produced from the poly(ethylene aromatic dicarboxylate ester) resin of the present 
invention. 

[0096] In this case, the poIy(ethylene aromatic dicarboxylate ester) resin preferably comprises, as a principal com- 
ponent, polyethylene terephthalate. 
45 [0097] A bottle-fonned polyester article can be produced from the poly(ethylene aromatic dicarboxylate ester) resin 
of the present invention. 

[0098] In this case, the poly{ethylene aromatic dicarboxylate ester) resin preferably comprises, as a principal com- 
ponent, polyethylene terephthalate. 

[0099] In an embodiment {1} of the process of the present Invention, a polyethylene terephthalate resin is produced 
50 by using an ester of an aromatic dicarboxylic acid with ethylene glycol, which preferably contains, as a polycondensation 
material, ethylene terephthalate in an amount of 80 molar% or more, more preferably 85 molar% or more, and limiting 
each content of the antimony element and gemnanium element to 5/1000 molar% or less, while using the catalyst 
system and controlling the catalyst system so as to meet the above requirements (a), (b) and (c). In this embodiment 
(1 ) , when the ester of the aromatic dicari3oxylic acid with ethylene glycol is produced by the transesteriflcation reaction, 
55 it is controlled that dimethyl terephthalate accounts for 80 molar% or more of the alkylester of the aromatic dicarboxylic 
acid. In this transesteriflcation reaction, a portion or all of the titanium compound component (1) of the catalyst system 
used in the process of the present invention is added to the transesteriflcation reaction system and the transesterifl- 
cation reaction is carried out under a pressure of 0.05 to 0.20 MPa and the resulting ester of the aromatic dicari3oxylic 
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thalate resin In an amoun of ^^^^1^ "^°^ ThTpo yethylene terephthalate resin means a polyester having an 
resins other than the ethylene terephthalate resm. The poiye^^^^^ used herein the principal repeating units contain 
ethylene terephthalate structure ^^^^'^^^^^Zr^<^e more pX y 85 moU or more, of the whole 
ethylene terephtha^^^^^^^^^^ ^e pTye^y ne tTrth^le -in is olned b/copolymerizing a third component 
repeating units. In case where the P^'V^W'^" ^ ^ ^ component (copolymerization compo- 

otherthan the ethylene terephtha^^^^^^^^^ 

STsott^ ?^ ™St^^^^^^ s^ch as ^^^^^^ " 

[01011 '"^P^'y^; rnoreoreferably from 0.55 to 0.75. and particularly preferably from 0.60 to 0.70. 

a range from 0.50 to °f ' P'!.™ ^esin of the embodiment (1) is used to fomi a film, it may contain, as 
10102] In case the polyettiylene ^reph^a'a^ resm onn , ^^^^^^ ^^^^^ ^ ^^^^ 

a lubricant, inert particles having ^ "^^^l^^ ^IXVpurpo^ of maintaining high transparency as a 
by weight, for the purpose of improvm^^^^^^^^^ 

feature ofthe polyethylene terephthalate ream of the pres^ ^^^^^^^ j^^,^^^ 

the smauer the amount of the inert P««^;^'f ; ^^^^^^^^^^^^^ barium sulfate, alumina, zirconia. 

colloidal Silica, porous ^'f^;— J,^^^^^^^^^^^ ac'rylic'resin particles, crosslinked methacrylic 

kaolin, complex ox.de P^^icles cross inked P^^^^^^ terephthalate resin is used in various fonned 
resin particles and silicone Pf ^ J ^^^^S^rmS contaiS various functional agents, for example. 

:::s^r=iSizS^^^^ 

S^^tnanembod.ent.)of.epre^^^^ 

bythetransesterilication reaction (pressure. 0.05 to 0.20 MKa)0i an a«y ^^^^^^^ 
the tilai*iro compound componen l'> "»!"° ' ^\ ^ IM coinposltloi. ol »» eOalya syston 

0.45 to 0.75. and partcularly P^^'^f '"^^j^^^ on the other hand, when the Intrinsic viscosity exceeds 
the above range, the resulting fibem have ^^^^f^^'J^^^.^'^^^^^ 

action, then the d»e.e, or ""S^' l/of a po«oi.dense.lon cetalyel system comprising e reectta 

dleste. or oligomer is polycondeneed " *, 'Ziri„a.tteALteUe,,presentedl.,m 
p,od»,ot,m.hiumoo,.p~rjdoom on^^^^ 

aph,spho|«c.mpu^^^^^^^^ 

S poTs"e~\«rnsr,~ tone, Who„ l»o re.o.on prod« is oo„— .ith the no. 
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reacted phosphorus compound component (2a). the polycondensation reaction of the ester of terephthalic acid with 

ethylene glycol may be inhibited. 

[01101 The reaction of the titanium compound component (1) with the phosphorus compound component (2a) pro- 
ceeds by mixing the titanium compound component (1) with the phosphorus compound component (2a) and heating 
the mixture The reaction product usually exists in a solution state. To allow the reaction to proceed un.fomily it is 
preferred to use a process in which a glycol solvent solution of the titanium compound component (1) and a glycol 
solvent solution of the phosphorus compound component (2a) are prepared respectively and the mixture is heated^ 
When the reaction temperature is room temperature, there arises a problem that the reaction proceeds insuffiaently 
and the reaction requires excessive long time. Therefore, in order to uniformly and efficiently obtain a reaction product, 
the reactionis preferably carriedout at atemperature within a rangefrom 50to 200»Candthe reaction time is pre erab y 
within a range from 1 minute to 4 hours. When using ethylene glycol as a glycol, the reaction temperature is preferably 
within a range from 50 to ISO-C and, when using hexamkhylene glycol as a glycol, the reaction temperature is pref- 
erably within a range from 100 to 200»C. The reaction time is preferably within a range from 30 minutes to 2 hours in 

[Ollll'^-me catalyst system used In the embodiment (3) preferably meet the above-mentioned requirements (a), (b) 

mm In the embodiment (3), a polyesterfilm can be produced by melt-exttuding a poly(ethylene aromatic dicarbo- 
xylate ester) resin and quenching the extruded resin melt stream to form an undrawn film, and biaxially drawing the 
undrawn film. After drawing, the resulting polyester film may be subjected to a heat set treatment or a relaxing heat 

loilr As^h^rom^^^^^ dlcarboxylic acid, for example, there can be used terephthalic acid, phthalic acid, is£phthalte 
acid, naphthalenedicarboxylic acid, diphenyldicarboxyllc acid, diphenoxyethanedlcarboxylic acid, or ester-forming de- 

romr Also ft is possible to use a small amount of an aliphatic dlcarboxylic acid such as adipic acid, sebacic acid, 
azelaic acid or decanedicarboxylic acid, and an aiicyclic dicart^oxylic acid such as cyclohexane Jcarboxyhc acid may 
be used in combination with the aromatic dlcarboxylic acid. Also, ester-forming derK,atives of t^-^ ^^Th, ^suc! 
compounds may be used. Further, it is possible to use a small amount (10 molar% or less) of an alK:ycl.c glycol such 
as trSnethylene glycol, propylene glycol, tetramethylene glycol, neopentyl glycol, hexamethylene 
yiene glycol or cjclohexane dimethanol. and an aromatic diol such as bisphenol, hydroquinone or 2.2-bis(4-p-hydrox- 
vethoxyphenyl)propanes in combination with ethylene glycol. ^ ,,,.„„,h 

rOIISl Furthermore, a small amount (1 molar% or less) of a polyfunctlonai compound such as trimesic acid, tnmeth- 
ylolethane, trimethyioipropane, trimethylolmethane or pentaerythritol may be used in combination with the aromatic 

SriMhe embodiment (3). the polyester constftuting the polyester film Is preferably polyethylene terephthalate 
w el tl?phthalk: acid or aVester-^m^ing derK.atK,e thereof is used in 

90 mo ar% or more, based on 1 00 molar% of the aromatic dlcarboxylic acid, while ethylene glycol or an e^ter-fon^ing 
derivative thereof is used in an amount of 80 molartf. or more, preferably 90 molarti or more based on 100 mo^rt^ 
of t e anphatic glycol. Particularly preferred is polyethylene terephthalate produced through the estenfication eac^^ 
so thai terephthalic acid accounts for 80 molar% of entire dlcarboxylic acid component used as a raw matenal. In 
comparison with polyethylene terephthalate produced by using dimethyl terephthalate as a starting compound poly^ 
erytene tereph.ha Je pr^uced by using terephthalic acid as a starting compound does not need a t-nse=^^^^^^^^^^^^ 
reaction catalyst and a stabilizer to be added to deactivate the transesterification reaction catalyst^ As a resuft. there 
is the advantage that an interaction between the phosphorus compound added as the stabilizer and the titanium com- 
pound is suppressed and the amount of the titanium compound can be reduced. Hh»Hi„Hotail 
[0117] The process for producing a polyester through the esterification reaction will now be descnbed in deteil. 

(Esterlficatlon procedure) 

roil 81 First upon production of the polyester, an aromatic dlcarboxylic acid is esterified with an aliphatic glycol. For 
. examile a lr^ containing the aromatic dicart,oxylic acid and the aliphatic glycol is prepared The slurry usualj, 
cSs11to16moles,preferably1.2to1.4moles,ofthealiphaticglycolpermoleofthearomaticdc^^^^ 

The slurry is continuously fed to an esterification reaction procedure. . , .. . ,.,=„„.„hii« 

[0119] The esterification reaction is preferably carried out by a procedure which is earned out in a s'"gle stage white 
self-cLlatingareactionmixture,oraprocedure which is carried out by combiningtwo or more esterti^^c^^^^^ 
3 wrth each other in series. In both cases, the reaction is carried out while removing water produced dunng the reaction 
out of the svstem using a rectifying column under the conditions where an aliphatic glycol is refluxed. 
0 2^ I SsTthe esterification I continuously carried out in a single stage while self -circulating the reaction « 
Ihe reaction is usually carried out at the reaction temperature wfthin a range from 240 to 280°C, preferably from 250 
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to 270->C under the reaction pressure within a range from the ambient atmospheric pressure to 0,3 MPa. The reaction 
is preferably carried out until the esterlfication degree reaches 90% or more, and preferably 95% or more^ 
[01211 By this esteriflcatlon procedure, an esterlfication reaction product (oligomer) of the aromatic dicarboxyl.c acd 
with ti!e aliphatic glycol is obtained and the polymerization degree of this oligomer is preferably with.n a range from 4 
to 10. The oligomer thus obtained Is fed to the foltowing polycondensation step. 



(Polycondensation procedure) 

101221 In the polycondensation procedure, the oligomer obtained in the esteriflcatlon procedure is potycondensed 
S heating to a tempemture higher than a melting point of the polyester (usually from 240 to 280=C m the presence 
S^the above-mentioned polycondensation catalyst. The polycondensation reaction is preferably camed out while dis- 
Sling off the non-reacted aliphatic glycol and the aliphatic glycol produced during the polycondensation reaction out 

S^CporSensation reaction may be carried out in a single reaction vessel, or may be separate^ carried 
out in plural reaction vessels, Incase the pofycondensation reaction is carriedout in two stages, the polycon^^^^^ 

reaction in the first vessel is carried out under the conditions of the reaction temperature wrtlnin a range from 245 to 
29o' c preferably from 260 to 280»C. and the reaction pressure wtthin a range from 100 to 1 kPa, preferably from 50 
to 2 kPa The final polycondensation reaction in the second vessel is carried out under the conditions of the reaction 
temperature within a range from 265 to 300°C. preferably 270 to 290°C, and the reaction pressure within a range from 
1000 to 10 Pa. preferably from 500 to 30 Pa. ^^..^^^ o^w 

0124] In the manner described above, the polyester for constituting the polyester film can be produced and the 
esultkig polyester is fomied Into granules (chips) by extnjdlng in a molten state and then cooflnQ. The resulhng poj. 
iter preferLy has an intrinsic viscosity (hereinafter referred to as IV) withinarange from 0.40 toO.BOdl^^ 

m2T''l^rp^Z^r'lmol'L present invention may be a single-layer film, or a laminate film comprising two or 
SoreVi in case of the laminated film, one or more layers may comprise the poV^^^^^ 
and preferably all layers comprise the polyester film of the present invention. 

[0126] ManufactuSng conditions such as drawing conditions upon fomiing into a film may be m^^'^^^^ 
Led in response to physical properties such as surface properties, density and them,al sfinnkage. of target '^^^^ 
For example the above-mentioned undrawn film is monoaxial^r drawn (in a longitudina or lateral d';e<^;°");» « 
ratio of 2 5 times or more, preferably 3 times or more, at a temperature within a range from [Tg ■ 10) to [Tg + 60] C, 
anlendrrninadirectlonperpendiculartotheabovedrawlngdlrectionatadrawratiort 

3 tSies or more at a temperature within a range from Tg to [Tg + 70]'C. If necessary, the resulting drawn film may be 
uler drLwn n a ongituSlnai or tiBnSverse direction. An area draw ratio which is the product of the long udina d^j* 
So and the transveL draw ratio is preferably 9 or more, more preferably 12 to 35. and particulariy Prefe «b^ 15 to 
S Aner drawing, the drawn film may be subjected to a heat set treatment and. if necessary, the drawn film r^ay be 
sbiectedtoareLlngheat treatment beforeorafterthe heat settreatment^Theheatsettreatmem^ 
out at a temperature within a range from [Tg + 70] to [Tm - 1 0]»C (Tm: melting point of polyester), for example. 1 80 to 
250°C and the heat set time is preferably within a range from 1 to 60 seconds. „, n or to «; o .,m 

[01271 In the polyester film of the present invention, inert particles having an average partic e size of 0 05jo ^^"^ 
may be added as a lubricant in an amount of about 0.05 to 50% by weight for the purpose of improving he hand ing 
property. Examples of the inert particles to be added include colloidal silica, porous sijca. l;^"^ °f J- ^^^^^^^^ 
carbonate, calcium phosphate, barium sulfate, alumina, zirconia, kaolin, and complex oxide Part^'^'^^^'^^^^^; 
ystyrene particles. cross«nked acorlic resin particles, crosslinked methacrvlic resin particles and sihcone^artic es 
[0128] in an embodiment (4) of the present Invention, when the transesterification reaction of a dialkylester of an 
aromiticdicarboxyllcacidwith ethylene glycollscarriedoutin the presence ofthecatalystsystemand^^^^^ 
sation reaction is carried out to produce a polyester resin, dimethyl terephthalate recovered by depolymeriz ng a po ly- 
aSene te ephthalate Is used as a portion of 70% by weight or more of the dialkylester of the aromate d.cart^oxylc 
STthTtL. the catalyst system is preferably used after preparing so as to meet the above-mentioned requ.re- 

' ToiS/'ln flle'emSdiment (4). the polyalkylene terephthalate subjected to the depolymerlzation is preferably poly- 
Ithylene terephthalate and. for' example, recovered polyesters such as recovered bottles, recovered polyes^r 'b- 
products, recovered polyester film products and scrap polymers generated in """a.P^"';^^^^^" 
products are used particularly preferably. In case dimethyl terephthalate obtained by depolymenz.ng he PolV^ "Ortene 

s terephthalate is used in an amount less than 70% by weight, a proportion of the component originating from the re- 
coveredlr^ethyl terephthalate is less than 50% among the components contained in the final y obtained polyester or 
powester fibers and thus reducing an impression of environmentally friendly product. Therefore, it is not preferred^ 
K"mX tXhtha^^^^ Obtained by depoiymerizing the polyalkylene terephthalate is preferably used in an amount 



Patent provided by SughruG,yion. PLLC - http://wwv..sughrue.com 



EP 1 437 373 A1 



of 80% by weight or more, and more preferably 90% by weight or more. wonh 
r01301 The process for producing the dimethyi terephthaiate obtained by depolymenz.ng the poiyalkylene tereph- 
halate used In the present invention is not specifically limited and includes, for example, procedures of depolymenzing 
polyethylene terephthaiate with ethylene glycol, transesterifying with methanol and puHfying the ^«sult.ng d>me%l 
tereohthalate by means of recrystaliization or distillation. Among impurities contained in dimethyl terephthaiate obta ned 
by depolymeri the poiyalkylene terephthaiate. thecontent of 2-hydroxyterephthalicacidispreferab 
r0131l The polyester produced by the above procedures can be used to produce fibers, films and bottles. Fibers can 
be produced by the procedures described in the embodiment (2), and the films can be produced by the procedures 

"'nTer^— ^^^^ 

of the present invention. In this embodiment the content of Impurities contained in terephthahc acid (TA) used as a 
starting material is controlled as follows: the content of monomethyl terephthaiate (MMT) is controlled to 1 000 ppni or 
Sancnhe total content of 4-ca,boxybenzaldehyde (4-CBA). para-toluic acid (p-TA). benzoic acid (BA) and dimethyl 
hydro C ephtalat^ (HOT) Is controlled to 1 ppm or less. Terephthalic acid may be obtained '^l^^^l^ 
usSester packaging material by heating In an alkylene glycol and hydrolyzing dimethyl terephthaiate (DMT) ob- 
tained by^— the depolymerlzation product with methanol. As the polycondensation catalyst system, a 
eSl product of a «tanlum alkoxlde of the general fomiula (4) with a phosphorus compound of the genera — 
oS^loyedTheratio of the molar amount of phosphorus atoms tothat of titanium at^^^ 

loiaTTthe'lmrodh^lent (5). In order to obtain terephthalic acid, which contains MMT In a content of 1000 ppm or 
ess'L yXTs^eactionof D^^ 

a preSure withl, a range from 3.0 to 4.6 MPa (gauge pressure), and more preferably at a temperature within a range 
Jom 250 to 260.C under a pressure within a range from 4.0 to 4.6 MPa (gauge pressure), for 2 to 3 hours^MeOH 
pTolced during the hydrolysis reaction is removed, together with dimethyl ether produced as a by-product, by Intro- 
ducina striDDinci steam into a reactor. 

loi 341 TA produced during the hydrolysis reaction is collected by suspending or dissolving in water, discharging it 
'°ut ole3or and subjecting it to a plurality of cTstallte^^^^^ 

CJesuiring TA cake can be subjected to drying, grinding and preparing a slurnr and then to a estenfication reacUon 

^Tc^Sm^MMTttJe terephthalic acid obtained by the above procedures is 1 000 ppm, while the total 
content of 4-CBA, p-TA. BA and HOT is 1 ppm or less, and therefore terephthalic acid is suitable for a polyester resin 

loiS'sT Since TA contains MMT In an amount of less than 1000 ppm. glycol temiinals of polyethylene terephthaiate 
Obtained by the polycondensation reaction are blocked and the thermal stability thereof Is improved. However, the 
content exceeds 1000 ppm. the transparency of the resulting polyethylene terephthaiate may be decreased. 
oTS nthepolyethyTen^terep 

for 8?mola«, basL on the entire acid component, and the ethylene glycol component accounts for M 

?oT3« %te Z contl of the poly(alkylene aromatic dicarboxylate ester) resin other than polyethylene terephtha- 
Khlch r^S be contained in the ^lyethylene terephtalate of the embodiment (5), Is 1 5 molar% or less and the acid 
Lolonermi be selected from iomatic dicarboxylic acid components for example. 2.6.naphthalenedicarboxylic 
acr2 7 apienedicarboxyllc acid, 1 ,5-naphthatenedlcart,oxylic acid. 1 ,7-napMhalened.carboxyhc acid, other iso- 
mers of naphthalenedlcarboxylic acids, isophthallc acid, diphenyldlcarboxylic acid, diphenoxyethanedicarboxylic acid. 
Xheny eSrca*^^^^^^ acid and diphenyisulfonedicarboxyllc acid; alicyclic dicarboxylic acid componente. for exam- 
Thexahyd 0 erephLic acid and hexahydrolsophthalic acid; aliphatic dicarboxylic acid components, for example^ 
adipJracid LbacicacW 

ac 5 suTh as p p-hydroxyethoxybenzolc acid and e-oxycaproic add. The diol component other than ethylene glycol 
S be at least one member selected from trimethyiene glycol, tetramethylene glycol, hexamethylene glycol decam- 
ethvlene qlycol neopentyl glycol, diethylene glycol, 1 ,1 -cyclohexane dimethanol. 1 ,4-cyclohexane dimethanol. 2.2-bis 
, bls(4--p-hydroxyathoxyphenyl)sulfone. Furthemiore. a tri- or poly- functional com- 

Doundmavbecopolymerizedintheamountof 10%orless. . u. - ^t, 

?01 39] m the embodiment (5), a drawn polyester film is produced by melt-extruding the polyester resin obtained by 
he above procedures and quenching the extruded melt stream to form a undrawn film, and biaxially drawmg the 
undrawn'ilm. After drawlng,Lresultingpolyesterfilm is op^ 

' mti'tS eSmen7(6) of the present invention, a polyester li.m is produced from a polyester -in which is 
oroduced by the procedures in which a used polyester material is subjected to the depolymenzation reaction, the 
'ansestorJicaSon treatment and the hydrolysis treatment, to prepare an alkyl aromatic dicarboxylate ester containing 



Patent provided by Sughrue|^jion. PLLC - http://www.sughi 



EP1 437 373A1 

dimethyl terephthalate in a content of 70% by weight or more; the resultant alkyi aromatic dicarboxylate ester and 
ethylene glycol are transesterlfied In the presence of a portion of the catalyst system; the resultant reaction mixture is 
added with the remaining portion of the catalyst system and the ester or oligomer contained in the reaction mixture is 
polycondensed to produce the polyester resin. In this case, a mixture of a titanium compound component (1) with a 
phosphorus compound component (2a) is used as the catalyst system. The titanium compound component (1 ) is used 
as the catalyst in the transesterificatlon reaction, and then the phosphorus compound component (2a) is added for the 
polycondensation reaction of the resulting ester or an oiigomerthereof . The catalyst preferably meets the above-men- 
tioned requirements (a), (b) and (c). In the resulting polyester resin, the content of repeating ethylene terephthalate 
units Is preferably 80 molar% or more based on the amount of all the ester repeating units. The dicarboxyllc acid 
component and the diol component of repeating non-ethylene terephthalate units in the polyester may be the same 

as those described in the embodiment (5). ..... . 

[01411 In the procedures of the embodiment (6). dimethyl terephthalate obtained by depolymerizing the polyaikylene 
terephthalate is preferably used, as the dialkylester of the aromatic dicarboxyllc add which is a starting material of the 
polyester in the content of 50 molaf% or more based on total molar amount of the acid component for the polyester. 
[01421 As the polyaikylene terephthalate, polyethylene terephthalate is preferred, and recovered polyesters such as 
recovered PETbotUes, recovered polyesterfiber products, recovered polyester film products and scrap polymers gen- 
erated in the manufacturing processes of these products are used particularly preferably 

[0143] In case dimethyl terephthalate obtained by depolymerizing the polyaikylene terephthalate is used in the con- 
tent of 70% by mass or less, a proportion of the component originating from the recovered dimethyl terephthalate is 
less than 50% among the components contained in the polyester obtained finally or polyester fibers, and thus the 
efficiency of the used polyester products in reuse thereof Is insufficient. The content of dimethyl ^rephthalate obteined 
by depolymerizing the polyaikylene terephthalate Is preferably 80% by weight or more, and more preferably 90^ by 
weight or more, based on the total amount of the dialkyi aromatic dlcart)Oxylate ester. 

[01441 Whentherecyclededdimethylterephthalateisemployed.proceduresforproducingthedimethylterephthalate 
are not specifically limited. For example, in the procedures, polyethylene terephthalate is depolymerlzed with ethylene 
olvcol the resultant product Is transesterlfied- with methanol and the resulting dimethyl terephthalate is purified by 
means of recrystalllzation or distillation. Among Impurities contained in dimethyl terephthalate obtained by depolym- 
erizinq the polyaikylene terephthalate, the content of 2-hydroxyterephthalic acid Is preferably 2 ppn; or less. 
[0145] The intrinsic viscosity of the polyester usable for the polyester film is not specifically limrted Usualjr. J is 
preferably within a range from 0.50 to 0.80. more preferably from 0.55 to 0.75, and particularly preferably <rom 0_60 to 
0 70 When the intrinsic viscosity is within the above range, the resulting film has a sufficient mechanical strength and 
the polymerforthefilmis not necessarytohaveanexcesslvely increased intrlnsicviscosity. Therefore.it iseconomioally 

fo'l46r^The process for producing the polyester film is not speciflcally limited and the polyester film can be produced 
by melt-extruding the polyester resin obtained by the above process and quenching the resin to form a undrawn film 
and biaxially dranring the undrawn film. After drawing, the resulting polyester film may be subjected to a heat set 
treatment and/or a relaxing heat treatment. If necessary. „ „.u„,„„„ 

[01471 In an embodiment (7) of the present invention, for the production of a polyester resin having an ethylene 
erephthalatestructures as principal repeating units, a mixture of a titanium compound component (1) and a Pjosphoms 
compound component (2b) comprising at least one member selected from the phosphorus compound of the genera 
fomiulae (2) and (3) Is used as a catalyst system. A titanium alkoxide usable for the titenium compound componen 
(1)is preferably selectedfromthecompound of thegeneralfom,ula(4).Thecatalyst system usableforthe embodiment 

(7) preferably meets the above-mentioned requirements (a), (b) and (c). 

0148] in the embodiment (7), an ester of terephthalic acid with ethylene glycol, or an oligomer thereof Is Preferably 
produced by the transesterificatlon reaction of the dialkylester of terephthalic acid with ethylene glycol, and the di- 
alkylester of terephthalic acid is preferably dimethyl terephthalate. A portion or all of dimethyl terephthalate subjected 
to the transesterificatlon reaction may be one regenerated from used shaped articles (for example, fibers, films and 

bottles) of a polyester resin, preferably a polyethylene terephthalate resin. 

[0149] The polyester film obtained by the procedures of the embodiment (7) can be used to produce W)ers. .he 
polyesterforthis use preferably has an intrinsic viscosity (o-chlorophenol, 35'C) within a range from 0.40 to 0.80 mo e 
preferably from 0.45 to 0.75, and particularly preferably from 0.50 to 0.70. The intrinsic viscosity of less than 0.40 is 
not preferred, because the resulting fibers have poor mechanical strength. On the other hand when the '"innsic vis- 
cosl^ exceeds 0 .80. and when the resulting polyester is subjected to melt spinning the melt of the polyester may exhibit 
an excessively increased viscosity. 
I [01 50] When polyester fibers are produced from the polyester resin of the embodiment aspect (7). the fiber-producing 
procedures used in the embodiment (4) may be utilized. 
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EXAMPLES 

[0151] The present invention will be explained by way of the following Examples. 

[0152] in the following Examples and Comparative Examples, the resulting polyester resins, fibers and films were 
5 subjected to the following tests. 

1 . Intrinsic viscosity 

[01 53] 0.6 g of a polyester was heat-dissolved In 50 ml of ortho-chlorophenol and after cooling to room temperature, 
10 the viscosity of the resulting polyester solution was measured a temperature of 35*^0 using an Ostwald viscometer and 
the intrinsic viscosity (IV) of the polyester was calculated from data of the resulting solution viscosity. 

2. Color tone of polymer (color value L and color value b) 

15 [0154] A sample of a polymer was melted at 290''C under vacuum for 1 0 minutes, the melt was fonmed into a plate 
having a thickness of 3.0±1 .0 mm on an aluminum plate, and then immediately quenched in ice water. The resulting 
plate was dried at 160°C for one hour, subjected to a crystallization treatment and then placed on a white standard 
plate for adjusting a color difference meter. The color value L and the color value b were measured by a Hunter type 
color difference meter CR-200 manufactured by Minolta Co., Ltd. The value L Indicates the brightness and the larger 

20 the numerical value, the higher the brightness. The larger the value b, the larger the degree of the yellowish tint. 

3. Analysis of metal content 

[0155] The concentration of titanium atoms and the concentration of phosphorus atoms in the catalyst were deter- 
25 mined in the following manner In case of a catalyst solution, the catalyst solution was placed as a sample, into a liquid 
cell, while in case of being contained in the polyester resin, a granular polyester sample containing the catalyst was 
melted with heating on an aluminum plate and formed into a formed article having a planar surface using a compression 
presser. Then, each sample was quantitatively analyzed by a fluorescent X-ray spectrometer (Model 3270E, manu- 
factured by Rigaku DenkI Co., Ltd.). 
30 [0156] The concentration of titanium atoms in a polymer, to which titanium oxide was added as a delusterant, was 
determined in the following manner. A sample was dissolved in hexafluoroisopropanol and titanium oxide particles 
were sedlmentated from the solution using a centrifugal separator. After recovering only a supernatant liquid by a 
decantation process, the solvent in the recovered supernatant liquid was vaporized to produce a test sample, which 
was subjected to the measurement. 

35 

4. Diethylene glycol (DEG) content 

[0157] A polymer was decomposed by using hydrazine hydrate and the content of diethylene glycol in the decom- 
position product was measured by gas chromatography (model: 263-70, manufactured by Hitachi, Ltd.). 

40 

5. Color tone of drawn film (color value L and color value b) 

[0158] Five pieces of a biaxially drawn polyester film were superimposed on each other and the resulting superim- 
posed pieces were crystallized by heat-treating In a drying machine at 160'C for 90 minutes. Then, the value L and 
45 the value b of the film were measured by a color machine, Model CM-7500, manufactured by Color Machine Co., Ltd. 

6. Haze 

[0159] A granular polymer sample was heat-treated and dried in a drying machine at ISO^'C for 6 hours, melted with 
50 heating at 290°C in a melt extruder, extruded in the fonm of a sheet onto a rotary cooling drum and then rapidly cooled 
and solidified to produce a undrawn film (sheet) having a thickness of 500 ^im. After sampling a portion of the resultant 
undrawn film free from surface scratch, the Haze value of the sample was measured by a turbidimeter (HDH-1001 DP) 
manufactured by Nippon Denshoku Industries Co., Ltd. 

55 7. Thermal stability (undrawn film) 

[0160] A value (A) of the Intrinsic viscosity of the sample of an the undrawn film prepared for the measurement of 
Haze and a value (B) of the intrinsic viscosity of a polymer used to produce the undrawn film were detemnincd. The 



Patent provided by Sughrue|^ion, PLLC - http'.y/www.sughrue.com 



EP1 437 373A1 



thermal stability of the undrawn film to be tested was evaluated from a difference value (B - A) in accordance with the 
following criteria. 



Special class 


0-0.05 (particularly excellent thermal stability) 


First class 


0.05-0.10 (excellent thermal stability) 


Second class 


0.10-0.15 (good thennal stability) 


Third class 


> 0.15 (poor thermal stability) 



8. Thenmal stability (biaxlally drawn film) 

[0161] Five pieces of a biaxially drawn polyester film were superimposed on each other and the resulting superim- 
posed pieces were ecrystallized by heat-treating In a drying machine at 160^*0 for 90 minutes and a value (A) of the 
intrinsic viscosity of the resulting biaxially drawn film and a value (B) of the intrinsic viscosity of a polymer used to 
produce the biaxially drawn film were determined. The thermal stability was evaluated from a difference value (B - A) 
in accordance with the following criteria. 



Special class 


0-0.05 (particularly excellent thermal stability) 


First class 


0.05-0.10 (excellent themnal stability) 


Second class 


0.10-0.15 (ordinary thenmal stability) 


Third class 


> 0.15 (poor thermal stability) 



9. Analysis of dimethyl lerephthalate 

(a) Content of dimethyl 2-hydroxyterephthalate 

[01 62] Dimethyl terephthalate was dissolved in an acetone solvent and the content of dimethyl 2-hydroxyterephtha- 
late in this solution was determined by gas chromatography (fy/lodel HP5890, manufactured by Hewlett-Packard Com- 
pany; capillary column DB-1 7, manufactured by J&W Inc.) and then determined by mass spectrometric analysis using 
GC-MASS (GC/mass spectrometer, Model HP6890/HP5973, manufactured by Hewlett-Packard Company; capillary 
column DB-1 7, manufactured by J&W Inc.). 

10. Analysis of terephthalic acid 

(a) Mass concentrations of 4-carboxybenzaldehyde. paratolulc acid and hydroxybenzaldehyde 

[01 63] A sample of test terephthalic acid was dissolved in 2N ammonia water and the resulting solution was subjected 
to a liquid chromatograph system {LC-6A, STRODS-H column) manufactured by Shimadzu Corporation and. after 
separating 4-carboxybenzaldehyde, paratoluic acid and hydroxybenzaldehyde from the solution, the mass concentra- 
tions of the compounds were measured. 

(b) Mass concentration of monomethyl terephthalate 

[0164] A sample of terephthalic acid to be tested was subjected to high speed liquid chromatography (apparatus: 
Model HPLC D-7000, manufactured by Hitachi, Ltd.; packed column: RP-18, 2 columns) and then the mass concen- 
tration of monomethyl terephthalate contained in the sample was measured. 

(c) Mass concentration of benzoic acid 

[0165] After a sample of terephthalic acid to be tested was esterlfied with diazomethane, the resulting ester was 
subjected to gas chromatography using 10% SE-30 as a separation column and the mass concentration of benzoic 
acid contained in the sample was measured by using n-tridecane as an internal standard. 

11, Layers of deposit formed around spinneret 

[0166] After a polyester to be tested was fomried into chips, the resulting chips were melted at 290°C, and the melt 
was extruded through a spinneret having 1 2 spinning orifices each having a hole diameter of 0.1 5 mm<D, and the melt- 
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spinning was 



:rr":':s^sss:,i ^^^^^ 

12 Tensile strength and ultimate elongation of fibers 

[0167, The tensile strength and the u.«mate elongation o. fibers were measured In accordance wtth the procedure 

10 described in JIS L 1013. 
[Production Example 1] 
S ynthesis of titanium trimeiiitate 



15 



20 



25 



[OIBBl TO an ethylene giyco, -ution prepared t. mixing 2^^^^^^^ 
massof ethylene glycol.tetrabutoxyt,tan.umwasadded.na^^^^^^^ 

anhydride to 0.5, and then the resulting mixture was reacted by nQjn a" p^^^^ ^ ^^^^^ 

the ambient atmospheric pressure for 60 ^^f^^,,';"^^^^^^^^^^ L^d the resultant deposit was collected by 



[Example 1] 
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U 0 009 parts by mass 01 ia»-n.butyl ttan.» .n m SUSl^^^ 

ITaaded .0 th. raaoUo. ml«u,a, t. »mpla» m. "'^'^T^^^',;^^^ ,„ po„oo„dsns.« ..aaion 

83.25 dtex/36 fll. . . in a single-screw kneading extruder (inner 

101721 separately the same dry pellets ^^.^"Jr'i Tmi^^^^ while gradually raising the tern- 

[Example 2] 

the polyester composition are shown in Table 1 . 
[Examples 3 to 9 and Comparative Examples 1 to 7] 

,0,7. » oa. », .a.p,as 3 = a. — ----^ r^r^^^^^^^^ 

rirp^Ltrcr^ri^^^^^^ 

film obtained by using the same are shown in Table 1 . 
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[Comparative Example 8] 

roi751 A mixture of 1 00 parts by mass ot dimethyl teraphthalate and 70 parts by mass of ethylene glycol was admixed 
loUparSmassoftetra-lbutyltitanateinanSUSlstainlesssteel)^^^^^^^^ 

can be carried out and the resulting mixture was subjected to a transesterrfication reaction by heatmg rt from 1 40 C to 
240°cunderaplsurrof0 

Sa2^mapolymerization vessel and then subjected toapolycondensatlon reaction by heatmgrtto 29^^^ 

Sm o' Pa (0.2 mmHg) or less, to produce a polyester resin which had an intnnsic v,scos.ty of 0.60 and 

contained diethylene glycol in a content of 1 .5% by mass. 

[Example 10] 

rOITTl A polyester resin was produced and then fibers were produced by same procedures as In Example 1 , except 
Se amouS the ttenlurn compound and the phosphorus compound were changed as shown m TalMe and 
ite cZSon of the transesteriScation reaction. 20% by mass of titanium oxide having an average particle size 
S^and Imparts by mass of an ethyiene glycol slurry were added to the resultant reacUon mixture. The meas- 
urement results are shown in Table 1 . 

[Example 11] 

added to the resultant reaction mixture. The measurement results are shown In Table 1 . 
[Example 12] 

rni7oi A slum, oreoared by mixing 200 parts by mass of terephthalic acid with 1 05 parts by mass of ethylene glycol 
mlf^adto .r.m »di 11» mMen. Mrm*«lc f<^' <"« ISO *"tei Then. Ih. es«^«»> 

w e„K=to «,oro aririPd thereinto Then the polycondensation reaction was earned out by heating the mixture to 285 o 
^ Tw lZZTlfS^ TaZT^^ a polyester Which had an intrinsic viscosity of 0.62 and contained 

as in Example 1 . The measurement results are shown In Table 1 . 
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[Production Example 2] (Synthesis of catalyst) 

[0182] In a 2 liter three-necked flask equipped with a function capable of mixing a solution with stirring, 808 g of 
ethylene glycol and 50 g of acetic acid were charged and mixed with each other by stirring, and then 1 42 g of titanium 
tetrabutoxide was slowly added to the mixture, to provide a transparent ethylene glycol solution of a titanium compound. 
The resulting solution is referred to as a "TB solution". The titanium concentration of the TB solution was measured 
using fluorescent X-rays. As a result, the Ti concentration was 2.0%. 

[01 83] Further, in a 2 liter three-necked flask equipped with a function capable of mixing a solution with stirring, 896 
g of ethylene glycol was charged and 224 g of triethyl phosphonoacetate was added therieto whll6 stin-lng to provide 
a transparent solution. This solution is referred to as a 'TP1 solution". 

[0184] Subsequently, theTPI solution was heated, the temperature of the solution was controlled to 1 60°C. and 400 
g of the previously prepared TB solution was gradually added to the TP1 solution. After adding the total amount of the 
TB solution, stirring was continued at a temperature of 160*»C for one hour, thereby completing the reaction of the 
titanium compound component with the phosphorus compound component At this time, a ratio of the amount of the 
TP1 solution to that of the Tb solution was controlled to 6.0 in iems of a ratio of a molar concentration of phosphorus 
atoms to titanium atoms. The reaction product is a solution which is soluble in ethylene glycol and has a pale yellowish 
tint. The resulting solution is refenred to as a 'TT-6 catalyst". 

[Production Example 3] 

[0185] A catalyst was produced by using the same apparatus and procedure as those in Production Example 2, 
except that the prepared amount and added amount of the TP1 solution described in Production Example 2 were 
changed as described hereinafter. In basically the same reactor as mentioned above, 1045 g of ethylene glycol was 
charged and 75 g of ethylene glycol was added thereto while stirring to provide a transparent solution. This solution is 
referred to as a 'TP2 solution". Subsequently, the TP2 solution was heated to control the temperature of the solution 
to 1 20«C and 400 g of the previously prepared TB solution was gradually added thereto while stirring the mixture. After 
adding the total amount of the TB solution, stirring was continued at a temperature of 120»C for 3 hours, thereby 
completing the reaction of the titanium compound component with the phosphorus compound component. At this lime, 
a ratio of the amount of the P1 solution to that of the Tb solution was controlled to 2.0 in terms of a ratio of a molar 
concentration of phosphorus atoms to titanium atoms. As a result, a transparent solution was obtained. The resulting 
solution is referred to as a "TT-2 solution". 



[Example 13] 

[01 86] In a reactor containing 225 parts of an oligomer of an ethylene glycol terephthalate ester, a slurry prepared 
by mixing 179 parts of high purity terephthalic acid with 95 parts of ethylene glycol was fed at a uniform feed rate while 
stirring under the conditions In a nitrogen atmosphere at 255»C under the ambient atmospheric pressure, and then the 
esterification reaction was continued for 4 hours while distilling off water and ethylene glycol produced during the 
reaction out of the system, thereby completing the reaction. At this time, the degree of esterification was 98% or more 
and the degree of polymerization of the resulting oligomer was about 5 to 7. 

[01 87] 225 parts of the oligomer obtained by the esterification reaction was transferred to a polycondensation reactor 
and the oligomer was mixed with 0.182 parts of the titanium-phosphorus reaction product TT-6 catalyst solution de- 
scribed in Production Example 2 as a polycondensation catalyst. Subsequently, the reaction temperature in the system 
was increased from 255°C to 290°C and the reaction pressure was reduced stepwise from atmospheric pressure to 
60 Pa, and then the polycondensation reaction was carried out while removing water and ethylene glycol produced 
during the reaction out of the reaction system. 

[01 88] The proceeding degree of the polycondensation reaction was detected while monitoring the load on a stirring 
blade in the system and the reaction was completed upon reaching a desired polymerization degree. At this time, the 
polycondensation reaction time was 1 60 minutes. Then, the reaction product in the system was continuously extruded 
into a strand fomi through a extruding orifice of a melt sipping apparatus, and then the strand-fomied stream was 
cooled- and cut to provide granular pellets each having a length of about 3 mm. The resulting pellets were dried at 
180'»C for 3 hours and then fed In a single-screw kneading extruder (inner diameter: 65 mm, path length: 1000 mm, 
residence time: 10 minutes), melt-kneaded while gradually increasing a temperature in the extruder from 280'>C to 
300°C, and then the molten polyester was extruded through a die to produce an undrawn film. The resulting undrawn 
film was biaxially drawn at 90°C in a longitudinal draw ratio of 3.5 times and a transverse draw ratio of 4.0 times, and 
then heat set at 200^C to produce a film having a thickness of 15 ^irn. 
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[Example 14] 



10 



15 



20 



10189] Apolycondensationreactionwascarriedoutandafilmwasproducedbythesamepr^^^^^^^^^ 
3 eLpUha the polycondensation catalyst was replaced by the titanium-phosphorus ^^^'^^^ ''"^P"""'^^ ^ '° 
13. except ^"^y"°J' J Fyamole 3 At this case, the polycondensation reaction time was 135 minutes. 

[Example 15] 

roi911 A polycondensation reaction was carried out and a polyester film was produced by the same procedures as 
[0191] A povconoenBrn. (abbreviated to an agent B) as a color-regulating agent was added In an 

S 9^' The properties of the resulting polyester granular pellets and the polyester film are shown in Table 2. 

[Example 16] 

polyester granular pellets and the polyester film are shown in Table 2. 
25 [Comparative Example 9] 

Joi^Tr^i properties of the resulting polyester granular pellets and the polyester film are shown in Table 2. 

[Comparative Example 10] 

IS" 's: ^"pirsr p,^^ ^^^^^^ 

[Comparative Example 11] 

The properties of the resulting po^ester granular pellets and the polyester film are shown in Table 2. 
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[Production Example 4] 

Production ot recovered dimethyl terephthalate 

102001 200 Parts by mass of ethylene glycol was charged in a 500 ml separable flask and 1 .5 parts by mass of sodium 
carbonate and 50 parts by mass of a polyethylene terephthalate scrap made of ground bottles were further charged 
into the flask, and then the temperature was increased to 185"C while stirring. This conditions were kept for 4 hours. 
As a result the polyethylene terephthalate scrap was dissolved and the depolymerization reaction was completed 
The resulting depolymerization reaction product was concentrated by a vacuum distillation and. 150 parts by mass of 
ethylene glycol was recovered as a distillate fraction. , , , ^ 

r0201] Into the concentrated solution, 0.5 Parts by mass of sodium carbonate as a transestenf.cation catalystand 
1 00 parts by mass of methanol were mixed, and then the reaction mixture was stirred at a liquid temperature of 75 C 
under the ambient atmospheric pressure for one hour, to effect an esterificatlon reaction. ^ ^ ^ ^. , 
[02021 The resulting reaction mixture was cooled to 40»C and then filtered through a glass filter. Cmde dimethyl 
terephthalate recovered on the filter was mixed with 100 parts by mass of MeOH and the mixture was heated to 40 C 
stirred, washed and then filtered again through the glass filter. These washing and filtration procedures were repeated 

ra2031 The crude dimethyl terephthalate collected on the filter was charged In a distillation apparatus and subjected 
tovacuumdistillatlonunder the conditions ofapressureof6.65kPaandarenux ratio of 0.5. therebytorecoverdir^^^^ 
terephthalate as a distillate fraction. The amount of the recovered fraction was 47 parts by mass. The amount of the 
residue in the distillation apparatus was measured and the amount of dimethyl terephthalate was measured. As a 
result, the dimethyl terephthalte was In an amount of 2 parts by mass. The degree of reaction of dimethyl terephthalate 
was 93% by mass based on the mass of the polyester charged. .u,,K„rf„v„ 
[0204] in the recovered dimethyl terephthalate purified by the distillation, 0.5 ppm by mass of dimethyl 2-hydroxy- 

[0M5ri?e ^i^Sied Swered dimethyl terephthalate exhibited a degree of purrty of 99.9% by weight or more. 
[Example 17) 

r02061 A mixture of 100 parts by mass of dimethyl terephthalate prepared in Production Example 4 and 70 parts l)y 
mass of ethylene glycol was mixed with 0.008B parts by mass of tetra-n-butyl titanate in a stainless steel vessel capable 
ot carrying out a reaction under pressure and the resulting mixture was subjected to a trensesterification reaction by 
heating it from 140°C to 240°C under a pressure of 0.07 MPa. Then, 0.035 parts by mass of triethyl phosphonoacetate 
was added to the reaction mixture, thereby completing the transesterification reaction. 

r02071 The reaction product was transferred to a polymerization vessel and then polycondensation reaction was 
carried out by heating it to 285°C under high vacuum of 26.67 Pa or less to produce a polyester which had an mtnnsic 
viscosity of 0.63 and contained diethylene glycol in a content of 1.0% by mass. ,, . ^ ,,,„„ 

?0208] The resulting ester was fomied into chips using a melt extruder and then dned at 180°C. Using the resulting 
dry chips, an undrawn filament yam having a yam count of 333 dtex/36 filaments was produced by a melt spinnmg 
procedur; and then the undrawn filament yam was drawn at a draw ratio of 4.0 to provide a drawn multi-fi ament yam 
havina a yam count of 83.25 dtex/36 filaments. Separately, the dry chips were melt-extruded using a film fomning 
apparatus to provide an undrawn film, whfch was biaxially drawn at 90-C at a longitudinal draw ratio of 3.5 and a 
transverse draw ratio of 4.0, and then heat set at 200'C to produce a film having a thickness of 1 5 nmThe measurement 
results are shown in Table 3. 

[Example 18] 

[02091 A polyester resin was produced and polyester fibers were produced from the polyester resin by the same 
procedures as in Example 1 7, except that the 0.01 6 parts by mass of titanium trimeilitate synthesized by the procedures 
of Production Example 1 was used as the titanium compound. The measurement results are shown in Table 3. 

[Examples 19 to 22 and Comparative Examples 12 to 15] 

[0210] In each of Examples 19 to 22 and Comparative Examples 12 to 15, a polyester resin composition and fibers 
were produced by the same procedures as in Example 17, except that the compounds shown in Table 3 were used as 
the titanium compound and the phosphorus compound and the amounts were changed as shown in TaWe 3. The 
Teasurement results are shown in Table 3. In each of Comparative Examples 1 3 and 1 5 , since the polycondensation 
reaction rate is very low, the polycondensation reaction procedure was ended 200 minutes after the start of the reaction. 
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10 



[Comparative Example 1 6] 

ro2111 A mixture of 100 parts by mass of recovered dimethyl teraphthalate prepared in Production Example 4 and 
70 pi by maTof ethylene glycol , was mixed with 0.009 parts by mass of tetra-n-butyl titanate. The resu ant mixture 
Sa?ged n a stalnLs steel vessel capable of carrying out a reaction under pressure and the resul ng m,jau^ 
was ublected to a transesterification reaction, v^hile heating it from U0»C to 240-C under « P^^^^J^ "^^^^^^ 
Then. 0 04 parts by mass of triethyl phosphonoacetate was added to the reaction mixture, thereby completing the 

STSnsCrbyma^ 

fa polymerizal vS^^^^^^^ then polycondensation reaction was carried out by heating it to 285'C under Wgh 
vacuum 0T26 67 Pa or less to prepare a polyester which had an intrinsic viscosity of 0.63 and contained d.ethylene 
g^colTn a co^L of 0.9% by ma^. In the same manner as in Example 1 7. the resulting polyester was fom^ed into 
fibers and a film. The measurement results are shown in Table 3. 
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[Example 23] 

[02131 DMT was prepared by depolymerizing PET with ethylene glycol and transesterifying the resultant EMT with 
MeOH and further hydrolyzed to provide TA (in which the sum of 4-CBA, p-TA. BA and HOT is 1 ppm or less and IV)MT 
content Is 1 50 ppm). Previously, in a polycondensation reactor containing 225 parts of an oligomer of an ethylene glycol 
ester of terephthalic acid, a slurry prepared by mixing 179 parts of the recovered TA with 95 parts of ethylene glycol 
was fed at a uniform feed rate while stirring the mixture in a nitrogen gas atmosphere at 255°C under the ambient 
atmospheric pressure, and then the mixture was subjected to an esteriflcation reaction at 275«C under atmospheric 
pressure for 4 hours, while distilling off water and ethylene glycol produced during the reaction out of the system until 
the degree of esterification reached 98% or more, to produce an oligomer having a degree of polymerization of about 

[0214] A portion of the oligomer prepared by the above-mentioned esterification reaction was transferred in an 
amount of 225 parts by mass to a polycondensation reactor and mixed with 0.46 parts of the "TT-6 catalyst solution" 
prepared In Production Example 2. as a polycondensation catalyst. Subsequently, the reaction temperature m the 
reaction system was increased from 255°C to 290^C and the reaction pressure was reduced stepwise from the atmos- 
pheric pressure, to 60 Pa and then the mixture was subjected to a polycondensation reaction, during the reaction water 
and ethylene glycol produced from the reaction were removed out of the system. 

[021 5] The degree of the polycondensation reaction and the load on a stirring blade in the system were detected by 
monitoring them and the reaction was completed upon reaching a desired degree of polymerization degree. In this 
case the polycondensation reaction time was 1 60 minutes. Then, the reaction product in the system was continuously 
extruded into a strand form stream through an extruding orifice of a solution extruding apparatus, and then the strand- 
formed stream was cooled and cut to provide granular pellets each having a length of about 3 mm. 
[021 6] The resulting pellets were dried at 1 80''C and then fonned into a sheet by subjecting it to a melt film-forming 
procedure, and then resulting sheet was blaxially drawn at 90»C in a longitudinal draw ratio of 3.5 and a transverse 
draw ratio of 4.0, and then heat set at 200**C to produce a film having a thiclcness of 15 jim. 
[021 7] The properties of the resulting polyester granular pellets and the polyester film are shown in Table 4. 



[Example 24] 

[021 81 A polyester resin was produced and a polyester film was produced, the same procedures as in Example 23. 
by except that the "TT-2 catalyst solution" prepared in Production Example 3 was used as the polycondensation catalyst 
in place of the 'TT-6 catalyst solution". In this case, the polycondensation reaction time was 135 minutes. The properties 
of the resulting polyester granular pellets and the polyester film are shown in Table 4. 



[Example 25] 



[0219] A polyester resin and a polyester film were produced by the same procedures as in Example 23. except that 
the amount of the "TT-2 catalyst solution" was changed to 1 .50 parts. In this case, the polycondensation reaction time 
was 1 35 minutes. The properties of the resulting polyester granular pellets and the polyester film are shown in Table 4. 



[Example 26] 

[0220] A polyester resin and a polyester film were produced In the same procedures as in Example 23, except that 
0 1 3 parts of the 'TB solution" and 0,39 parts of the TP1 solution" prepared In Production Example 2 were separately 
mixed as the polycondensation catalyst into the reaction system without reacting the "TB solution" with the "TP1 so- 
lution". In this case, the polycondensation reaction time was 190 minutes. The properties of the resulting polyester 
granular pellets and the polyester film are shown in Table 4. 
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[Example 27) 

ro221l A mixture of 100 parts by mass of dimethyl terephthalate and 70 parts by mass of ethylene glycol, and 0_009 
[0221] A ™^ P ' ^ in a sus vessel usable for a reaction under pressure and the 

o" rMPrrn aotr^^^ ty mass of mono-n-butyl phosphate was added to the reaction mixture, to thereby 

Eon heating it to 290-C under high vacuum of 30 Pa or less to produce a polyester res.n whtch had an intrinsic 

' K L« iwprted to a melt sDlnnIng procedure to provide a undrawn filament yam having a yarn count of 333 dtex/ 
f JameTS^^^ y- was dLn at a draw ratio o, 4.0 to obtain a drawn muMament yam 

having a yarn count of 83.25 dtex/36 filaments. 
15 [0224] The measurement results are shown In Table 5. 

[Example 28] 

ro225i A Dolvester resin and polyester f ibers were produced by the same procedures as in Example 27. except that 
!Snium'c?mp^^^^^^^^^^ 

5. The measurement results are shown In Table 5. 
[Examples 29 to 33 and Comparative Examples 17 to 22] 

are shown in Table 5. 
30 [Example 34] 

rno97i A nolvester resin and polyester fibers were produced by the same procedures as in Example 27 except that 
[0227] A P°'y«^*^ ;f 7°/°'^ compound were replaced by the compounds shown in Table 7 which were 
thetrtaniumcompoundandthep^^^^^^^^^ 

"o?:;icrSsr;:f2^^^^^^ 
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[Example 35] 



mMBi A Dolvester resin and polyester fibers were produced by the same procedures as in Example 27, except that. 
' « !l SlToroStransesterification reaction. 0.02 parts by mass of pentaerythritol-tetrakis[3-(3,5-d,-tert-butyl- 

was added to the resulting reaction product. The measurement results are shown m Table 5. 

[Comparative Example 23] 

ro2291 A mixture of 100 parts by mass of dimethyl terephthalate and 70 parts by mass of ethylene glycol, and 0^009 
Sbv Iss 0 tet a n butyl titanate were charged In a SUS vessel usable for a reaction under pressure and the 
JeslngmSre,^^ subSdt^ 

S 0 I^Pa Then O.os! parts by mass of mono-n-butyl phosphate was added to the reaction mixture, to thereby 

n^SivmS atSesS subjected to a polycondensation reaction by heating to 290°C under higfi vacuum 
o, aSTor 2 trprovSe a polyester^ had an intrinsic viscosity of 0.63 and contained diethylene glycol in a 
Itentof S m'ass.Theresu'tingpolyesterresinw^^ 

as in Exiople 27 to produce polyester filament yam. The measurement resufts are shown in Table 5. 
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INDUSTRIAL APPLICABILITY 

[0231] The process for producing a polyester resin of the present invention enables a polyester resin having good 
transparency, good color tone and high melt stability to be produced with high efficiency. All of the polyester resins, 
polyester fibers, polyester films and polyester bottle-formed articles of the present invention have good transparency 
and color tone and can be produced In practice with high efficiency. 



Claims 

1 . A process for producing a poly{ethylene aromatic carboxylate ester) resin comprising polycondensing a diester of 
an aromatic dicarboxyllc acid with ethylene glycol in the presence of a catalyst system, 

wherein the catalyst system comprises at least one member selected from the group consisting of: 

non-reacted mixtures and reaction products of (1) a titanium compound component comprising at least one 
member selected from the group consisting of titanium alkoxides and reaction products of titanium alkoxides 
with aromatic polyvalent carboxylic acids or anhydrides thereof with (2a) a phosphorus compound component 
comprising at least one member selected from the compounds represented by the general formula (1): 



OR^ 



R^O-C-X-P<C , 



(1) 



wherein R^ and R^ respectively and independently from eacfi other represent an aikyi group having 1 to 
4 carbon atoms and X represents a -CH2- group or a group represented by the formula (1 a): 




(la) 



and 

non-reacted mixtures of the above-mentioned titanium compound component (1) with (2b) a phosphorus com- 
pound component comprising at least one member selected from the phosphorus compounds represented by 
the general formulae (2) and (3): 



(RM„-(0)p-P-(OH), 

II 
0 



(2) 



and 
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0(CH2CHj-0)7rH 
H-r (O-CH^CH, ). -0-P-O- (CH,CH2 -0>7rH 

0 

Independently from each other represents an integer of 1 or 2, 
the catalyst system satisfying the requirennents (a), (b) and (c): 

2 S S 15 

1 S(Mp/M-n) S 15 • ^''^ 

10 S (Mii+Mp) g 100 

aromatic dicarboxylate ester), 
the aromatic dicarboxylic acid with ethylene glycol, 
of a d^ylester of an aromatic dlcarboxylic acid with ethylene glycol. 

ponent (2b). 

boxylfc acid, 5-sulphoisophthalate metal salt and 5-sulpho,8ophthalate on.um salt. 

dimethyTnaphthalate, diethyl terephthalate, diethyl isophthalate and diethyl naphthalate. 
7. The process for producing a polyethylene aromatic dicarboxylate ester) resin as claimed in claim 1 . wherein the 
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titanium alkoxides for the titanium compound component (1 ) are selected from the titanium compounds represented 
by the general formula (4): 

OR* 



R* -0- 



-Ti-0 ^R" 

^ OR' -^mo 



in which formula (4), RS, Pfi. W and ffi respectively and independently from each other represent an alkyi group 
having 2 to 1 0 carbon atoms or a phenyl group, and mc represente an Integer of 1 to 4. 

8 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 1 . wherein the 
aromatk: polyvalent carboxylic acids for the titanium compound component (1 ) are selected from the compounds 
represented by the general formula (5): 

^^(COOHU (5) 



in 



whk;h formula (5). na represents an integer of 2 to 4. 



9. The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 3. wherein the 
transestertftoation reaction is carried out under a pressure of 0.05 to 0.20 MPa. 

10 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 3. wherein the 

■ dialkylester of the aromatic dicarboxylic acid to be subjected to the transesterificatton leaction compnses dimethyl 
terephthalate In an amount of 80 molar% or more based on the total molar amount of the dialkylester of the aromatic 
dicarboxylic acid. 

11 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 3. wherein the 

■ dialkylester of the aromatic dicarboxylic acid to be subjected to the transestertficaBon reaction contains dialkyl 
terephthalate recovered by depolymerizing polyalkylene terephthalate in an amount of 70 molai% or more based 
on the total molar amount of the dialkylester of the aromatic dicarboxylic acid. 

12 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed In claim 11 , wherein the 
' recovered dialkyl terephthalate contains 2-hydroxyterephthalic acid in a content controlled to 2 ppm or less. 

13. The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in cl^ 4. wherein the 
catalyst system comprises a non-reacted mixture of the titanium compound component (1) with the phosphorus 
compound component (2a) or (2b); _ . , , „, 

the whole amount of the titanium compound component (1) is added into the reaction system before or at 
the start of the transesterifteation; and . ,• 

the whole amount of the phosphorus compound component (2a) or (2b) is added into the resultant reaction 
system from the transesterification reaction before or at the start of the polycondensatlon reaction. 

14 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 4. wherein the 
' catajst system comprises a reaction product of the titanium compound component (1 ) with the phosphorus com- 

m'e°Xle^rmount of the catalyst system Is added into the reaction system before or at the start of the trans- 
esterification reaction; and , . .. ^. „„i„ 

after the transesterification reaction Is completed, the resultant reaction mixture is subjected to the poly- 
condensation reaction. 

15 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 4. wherein before 
■ the transesterification reaction, a portion of the titanium compound component (1 ). or a portion the reaction product 
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of the titanium compound component (1) witii the phosphorus compound component {2a), or a portion the phos- 
phorus compound component (2b) is added into the reaction system, and at least one stage during and after the 
completion of the transesterlfication reaction and before and during the polycondensation reaction, the remaining 
portion of the above-mentioned catalyst component is added into the reaction system. 

16 The process for producing a poly(ethylene aromatic dicarboxylate ester) resin as claimed in claim 2, wherein the 
■ whole amount of the phosphorus compound component (2a) is added into the diesterification reaction system 
before the start of the diesterification reaction, or a portion of the phosphorus compound component (2a) is added 
into the diesterification reaction system before the start of the reaction, andthe remaining portion of the phosphorus 
10 compound component (2a) is added, at least one stage during and after the completion of the diestenfication 
reaction and before the start of and during the polycondensation reaction, into the reaction system. 

17. A poly(ethylene aromatic dicarboxylate ester) resin produced by the process as claimed in any one of claims 1 to 
16 for producing a.poly(ethylene aromatic dicarboxylate ester) resin. 

18. The poiy(ethylent aromatic dicarboxylate ester) resin as claimed in claim 17. further comprising an antioxidant 
hindered phenol compound in a content of 1 % by mass or less. 

19 The process for producing a poiy(ethylene aromatic dicarboxylate ester) resin as claimed in claim 1 . wherein poiy 
' (ethylene aromatic dicarboxylate ester) resin contains antimony element and gemianlum element each in acontent 
controlled to 5/1000 molar% or less. 

20. Polyester fibers comprising a poly(ethylene aromatic dicarboxylate ester) resin as claimed in any one of claims 17 
to 19. 

21. The polyester fibers as claimed in claim 20. wherein the poly(ethylene aromatic dicart)oxyiate ester) resin com- 
prises, as a principal component, polyethylene terephthalate. 

22. A poiyesterfiim comprising a poly(ethylene aromatic dicart)Oxyiate ester) resin as claimed in any one of claims 17 

30 to 19. 

23. The poiyesterfiim as claimed in claim 22. wherein the poly(ethylene aromatic dicarboxylate ester) resin comprises, 
as a principal component, polyethylene terephthalate. 

35 24. A botde-fomied polyester article comprising a poly(ethylene aromatic dicarboxylate aster) resin as claimed In any 
one of claims 17 to 19. 

25. The bottle-fomied polyester article as claimed in claim 24. wherein the poly(ethylene aromatic dicartjoxylate ester) 
resin comprises, as a principal component, polyethylene terephthalate. 
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US-4,359,557 . l^{U.^/l(tenacUy) ^ ^^J!&^?.'ti^7^A^t *'ti ■ ^'^°nS.WiA. 
ii ^ -J^ 1;-^ 6^ -"^i ^ 'ft • ^ f ^ ^ "f (number average moleculav 
weight) ^ i\ ^ 6^, \fL% ^ 'It hi^ •\± ^ ( it ^ ^ Melliancl 
Textilber.l970,p.l81 ; Chemiefasem + Text.Anwendung-siechnik Tot- 
lnd.23( 1 973 ), p. 1 8 1 ) . d3 I<$-^fi. ^ -t If ^rt. ^h^il^ti.t:Um^7! ^ 

d^^fi e>^#^^t(-% Textilpraxis intematioTial, 1984 4 • 374 I tb^s ) . 

n(^A^^i-^>^^M> n^^^'^^^^itm^^.^^.' 

^ ^ ^ i| -(,5, ;te 6^ ^ g§ ^ ^ *o ^ ^ ^ ^ ^ a t ?a A i- ^ 1 
mi] ;*^'^^(brarchmg components) • P f;^(multivalent)ltafe^S| # , ifl-if ^ '^i- 
';^(Texitilpraxis International 1 993, p.29 ; DE-OS 2-046 \2]) .^>%^^r 

fim^3.h^^^^)t> -fa^f-r^fi^lt-t^i^'^-^-tCweight average of 
the molecular v,cigU)iimmmt^ll> t^^^nrimM^&^nJt^i^^ 

^'J FR-A-1 603 030 . fA^^^k^^ ^J-^^^^M^vmrnng faultlessness):*' fi t 
/S- , iiife;5-*?l^-*4-^6^r"T^' -fii *til-Ppi^lM 6^1 ^^"iSf (spinnerets 

*L 6^ *t S a ^4 1 'i- ^=8^ 'J^^ • 5^: ^ ^ 6^*^^t.*t 

<j.|^c- fX^^^' 6fiB(tetraethyl silicate) ^^il^ 6^^-^ -^fi^CsilanetnoDali^t^ 
) ^'J (modifiers) - 

^m^M US-A-3.335,2U ^ ^^^^\^^^ f^^^^^'^^'i^^^^^-'^^ 



*(t. rf^iitm^^lLH^t^^^^Jir^^tit^fl 100 S. 600Pas(^ 275 r T) 6^ 

i 4 ;n ^ f is^ 6 ^ 4 9^ A. . -^n t '4 ^ ^ T ^ 6 ^ 6^ + # 4 't' 6 s| 

0. 1 0 i 0 . 75 J^. 6^ *± ^ . -El^ 6S (silicate esters) . M-ko y^j C^Sl-^ ^. 

is^.§g. -?l*^m>g.;^ + 4At-^^ilt . EtJ^tl^^'j EP-Ar0 262 824 |5]#it^Jt-ii. 
^I^f t6Sit^^^iC'f±(modiricatioTi). f.6Sif ift^^ JMtj^H rb*i6^cC9 66S 4 ^ A" 

^t®^*'J DE-A-17 20 647 |Sl#i)fe,Jt-i3l>it ^>g.;&3i^i t ^^iSS ^/^ ^ 
^, fJ'J-i«'^KJ;i:-6i6^(silanetrilethane)^^^. iLit^«'|;l:A =.f 
*^(5fe6^-6S8(diethylesters). 4A^gB4i|. 

-itSl^^'J DE-A-27 13 508 DE-A-24 53 231 Jtii^fe ^ ^.S.^ t #40 5" 
■t it:t^ jn f gfe j:i f SB (dimethylterephthalate)6^ t * ^ J=t ^ 0.008 5-2^-^^. 
^:^J^i^*i:{:^(diphenylsilanediol)'ft ^ 1^ ^^(co-component):^ A^^^^-• 
#-@-t#'J DE-A-41 11 066^ii^>tSiO-;S-?iC'^i6tm^:?--TS^c6-S|6ii 
,f jtt :^ .r. f (terephthalic acid) ii * i^fe. Jl ^ fiS -ft -ft ffl (direct 
esierification)^f7'?l- . ^^^^^ ^(.^Lm^^ek^^iS,/^?^^^ . ^t^^'^ih 
«i^-^'g'ti(; 300 700ppm . it7ill^^^t^^^Jl&^ r^^^^^^^"^ 
66Bst^^'^6S'?n#^. ffhn^i^(pTepo\ymcT)^tt-^^'^-'^-t'fi'^ 9000 
5. 16000 5t/J^^t^ ^ l«1 . ^'^^'fi(polydispersity)4lli^-t 1.5 S. 2 ^r«l. 
Jl^l-f- 260 5- 290 °C ^ m ^X ;^ 1 .5 J. 2.5bar ^ - it M S 

4l ^ <K) >6.£L#^ H r«l ^ ;^ * 5 « 

Trje&J:.^/l-«'{J^6(>itj^3^ifm75«J:.ii^**'l^' fli^^*^ 3|.-^t^!5S.i- 
;^L + >a A jcj ^^(hydrolysis-sensitive)*^ ^'ft . "t ^ ^l<.^• :^ ^ii - J> 
-f3^^^faJc-Tfi86^ja§^45i^;& (transesterification) •^alfrA,^*'^-^^! 

^t-|<!Lral;?i . jt) T ^#-:ta^6^ S:Sa6^^t'(t*t^(melt viscosity)-^ ^^^i^iM 
^^^^^ jl(relative end viscosity) , 4a ^ "f^^ ^ n-m^ .i. t 

#.0 6^7j^ii^^^(hydrolysis-sensitive)6^j SiO-'fet'^i^^i!!-^ A^fiS t . -^A^;) SiC- 



SiO-# 6^} ^ SUl t -(51 /?) ^ 1 41 15 it ^i(direct spinning process) t ( ??; 

5 li a 5f'J us 5,858,529 4«tsS- 7 ^ -ft it ^ >^ . ^to itb;f >i ^'1 mi P- 

^«f^7(polyai:icylene glycol block copolymer) jt^flSidit'ft ^ iSL'li . -fj itb^ JI: 
^ iSl- 15: ^ ^ 4^ * i5l 'l± 6^ 1^ H -ft (hydrophobic 
polyoxypropylene)4^ ^^^^^^ -a 6^) % %.^t L (polyoxyethylene) . i / 
10 ^1. i It 6^ /ir ^ ;ta; ;a 6^ f. 6B (normal polyester) ^^^^^^Aio (block 
copolymer) . A itH^^^ ' 

ai.^iii^jJfeaSA^i'ft^Jt.fi, =.ir^f ^1*,^^ , i|:/XE£J^, 

15 -i^^-^^^^^^^^h (ethyleneoxide propylene oxide block copolymers)!^ 'i" 
it'll a SiO -it ^ X t . W+irt» ^ A . ^k4fe A >(7 'ii- MA^mid^- 

20 i±>Ji4>t^fHtransition material). 'ft#ib^gl^>g.>EL'iS:^#->t6^4^'(t4^-^.:^^^i ;/r 

:f ^ A 'ft # idt -fi ^ -T^ 5Jl a 6^ 4i 1^ 'li 1)& 6^1 - ■'T i!& 'li ;J<7 ^ 
4:^^^iy*t3i^it^'A^^'^|'J . (silicone oils). ^\-k^f^^^&-^.% 

•J;^(polydimethylsiIoxanes)st^^'F4l^^^^1^*^(polymethyIphenylsi]oxanes). 

25 '^Jfl'iii^ii a^l t ^^^^'^^M(-ifs^^ Textilpraxis International, 1984 ^ 
4/1. ^ 374 s 315f.)'Aitn^^>^^-t-S:'S^l^t)t}0.\-2%(>^J^ii$M 
(polysiloxanes)(>a^^ 20 °C , 100 i 500mPas)#^X:^^?^^#.5 *L 

(meltextnider)&^;!;o^rfig,4t - ^l^-fe/l^-S^^'J^J^i^^aS-;?!.^. # f • 
290 £ 295 rT. ^^iHia-^^^Sth^H-^l^^ifc' J:.i£:7f;i^o^IJ^LI^«/ir 

30 * #.'f±(flexing abrasion resistance) . ^t'tt^ 6t PES ^tt "Si f J f * ^ ^si 
;!7.^^^^#-4^6(,J!^«fifr(fibril5)» ^-fife^+^^t. .fi-^it/?.^f ^it:ii^M . 



*i -ll ri >tb i^X ']i iioJA^^'^^^^^^M #^(ma;rix) . 4^ 6^ *L^#vii -ft 
4:5f:n;i , i^^ ^iii=t -fc^ (elongation)^ ^5;l(tenacity)vX/iif 
^- -fi (module) ;L ^ t » ^ i*,t8S^I*^t^3^0 ^ . 

(-g-^-ljii 1.8 ^t$f:tb6^t^ili"^)li^^^th'^^t*i^6^r-^<j^^i;l'J^-t5 ?6 . 

-I-^'J DD 104 089 4000 ^L/^^ '1' ^ *i ^'i 6^; 

(silicone KS\m){'? mcthylphenylpolysiloxanes)^&itAa-;t^t5ti 

fiS^tm. DD104 089 . :|^&i^;^^i'^^SS<fc6^J-0H^fit^ia^fc^^^i 

-^^'J DD104 089 + . ^51 A^;5-i?iC'ri^'l (branched modifying agents)f>^. 

-f^s 1^ 6^ ^ a ^ ^ ^ • 

4fc '> ^ SS ^t6<).0H Sl^i |a,*t(polysiloxanes)fl: JiSL* A . Tt- 

f?. i^-fi-lfefeit^it . i^iiL' » 5?'J6^j>JbsiJ (wash out) M^f'^ 

^i^ra^^iik' -ftffl ^ t«fea(polyfunctional)6^*i*.^^jA(^**l*'^ ^ 2 ^ 

(spinning cleaiiness);!rfii^)!t. t^tM^/' i-tm . 

^ - f+ e. ^ 6^ /fl 1^ ^ 6S 6^ ^ - ^^^^^ SiOj . ^ *i * 

t - ^ 'ft ^ M ^ ^ ^'J (^t *i ^) ^ I?^r #i i^'l (ami-blocking 

agentX^jf^t). 

;|P-#4tg|^*J DE-A-29 09 188 . I ^ lOOnm A'J^6^^?.-^'-. 

^i#,*i5ii./&.^ ^^-^^^^CcoUoidal siiica)«6*i#As^fi8. ^^,nm^i^-m^'-^i 

«0;*.^^'J JP.A-55 112-313 . ^itl^W^^t^ 0.5 £ 10 
t O.l ^ 10 %6^fiS#>!3^2feSS)6^>'^§*^3!'^- f^^^' ^fif^^^^K^*^^-'^^^ 
«^^.J DE 1 237 727 DD 104 089 . ^ ^^t^^i^S ^^-^^ 



til - # ^X ;4 6^ ^ ^ -ft -5± *y ^ # It ^ Ji ^ 8^ 6^ ii^ t Sfe (standurd 
polyesters)j4'lt?iL't±. ^>^l^'^;^j^iJ^#,^^6H'li^;y >i • -flj-t'f'J Dii-A-404 1042 

(terephthalic acid) 6 S|(ethylene glycol) i<7 /f. #6^ l^fiS , ^-ft ii ii^i t 

1. -^S|-(diol)'^/ta|ii H Z:-a|(ethylene glycol) >--t^S|(diethyleneglyc.cl) 
^ ^■t^S|■(triethylene glyocl)^/r^A6^J ^11 ; 

2. -5^ ^*fe>* (silicone oil); ^X-5. 

3. ^ |Lit^|k>3K ^l^'ft^i^d^;!5.(silica powder) • 

;$^^aav>«.if ift Trevira®350 n^iK^^^i^f^^^^^^^^ ' t 
&#>fS^ Trevira®350 ^n^^^fk ■ Trevira®350 6^/ WASC it'J^-t 700 ■ .fii^^ 

Trevira®350 4« 'J'- /1 ^ . ii 0 7<7 ^ - ^'f^^^- *^ ^- ^''^ 

fi^^'ft^A.^'J. Hfi 4 JJl^J^l^fcJa (synergistic effect)^^^- iJt 
^i1-ift6^j^^7f? lA^^^k^M 1.7 ^#6^j'f^;iLT. t&^JI-Jl-;^ -ii 
^ -f/5.>^ 6^ WASC it. 4 1 ^^(4 5 1 6^1 ^ «fe^'J 1 6 ^ 1 8) . 



4 1 





2.35 '^^^ 


1.69 '^^itt 




2.92cN/^^^# 


2.90cN/$3^# 




52 % 


48 % 


WASC 


618 


696 



6^t6&if^^(WASC ^'ht 700). is.^)kmfr^^i^^^niA^^^-^, J. 



5 t^-'f;!'t'A6^^jH'^;!»o3?'J4. J^[fniiLm^iAii^i^L%'Mim^Wi''^^-^^i'i-^^\ 
iSji WASC mi^;^ 1000 .?fj^J£^4i;^^+^44Sjy:-t^-^"^#-{it . 

>'XL.=-fiMti&'^-6^«^*a5t'i . ^fl^^i^^Mii^-^^ WASC 
1200 . flji^i'i ^^^•l4(spinnability)6^fePR. . WASC it-^ Pffia^tfj L -fi|6* 1* 

(lubricating agent). 1 6t^i:ll*^>4 » 1^^*^^^^:^, ^ 

1^, *'J:4<'^ Baysilon®M 1000 . {fei^^^^^^^jATf/ ^3^^6Ut.l^46t 

;Ei 6^ t ^ ? J^-^ ^ 'Ja . Struktol® polydis 3999 ¥}^%-t^ii)^'t^^^'^ > 
gp ^ ® >5l ^ Schill & Seilacher ffiM^^t^X^^^^Tb ^^&i>^ ^^"V 

'fsL iJ4 /?] «i ^ >A ^ 1^ ^ ^ ^ >* ^ - ^ ^ 6S * ^'^ 5!' 1 

^•«ilL^>4'^f:6^>it*'.^'t7t£i^#(^.^ WASC&6^*^'i^^o>^^.i*>l^^&(^f^ 2 
^^^). 

25 ^t;fi^^La^#2mji6^j*ij^'jt>*. mi'' struktoi®. ^itJ^n^?^n~m 

(degradation) if^SS^ 6.^4. ^>aii>t^5;t^iiSl^<i(WASC value)'"! i^J'l 
1000 ^i^miH(ttiSLm 2). 'faiiSIIA*jA:^*6^»j?'J. ^f^^J^A^tiB]. 



« i>r> t ^ t -t ^ 0. 1 "o 6^, 6 ^ S| . W ASC ^P} £ >i- ii J'l k i-^ 900 

^toi" WASC <i^*ill.^^)ib6^j»Jvi^jt6^4a5.^-f, . ^lL■^^XC^^J, a 
5 l\|;^-^'ft.<ifr'j>^*i-|:it*'. WASC ik^m&M- 

itiktij^^i^ijof:. 'WASC<k<fb^)i:ik^]k^ 1000 ^XT6^;^fc. 'f5li|3ii)t,x 

i.'ft^6^j$fS'^/)-tb;£ai<; 0.05 J. 0.3 iaiiit ^ ^^Ja-^^^r.^ 

(mixing elements)^^P-|l.itiil»^iij ^)i*.ja,A^6B + . 

m^t. fl^iSL. WASC <i.4j^iK»6^^J&,'ft.ii^*^ 

6^-t-t^'Jii-#^<fe^' *^WASC<£6^l^'i^^^'K^''a2-^a 
7#51'J^-f 1000 6^ WASC <i. !i!'Jt*>!^i^';*^*6t^^'itit(^ 6^S|)^ij: 

if+ -tt X T i^J ^ it >t ^ ^0 Z' 6^; ^ . 

t ffl ^ *J it ^ i5 iPx ^ ^ t *^ 3ft 68 (homopolyester) ^ * Si SS (copolyesler) 
25 <Kj 2!t 'fi ifi j^. ^ -^it ?1 A 6S aiife + 5S.-j5E. # ^- *b t ^ #J 4«r 

>tAii^6^maiHf *ft = + 51 ^7 '^-'^^ " Late Addition 

Technology " ll.ia^^'J US-A-5,858,529 tb4i). 

^f-^*'^'] 1 ; ;i^i^m^^mnm^fi^^fi^'^^ 137 £ 1.58 . it 

30 1.40 ^. 1.55 . 1.42 5- 1.48(>'X 1 % ^ f«l f t i?'] t ) . 7 fic 

4 i5**'ti^R&(spinning performance). ^^^B^^t/?14£;^6^,^^^6S . -Si^^n^t 



^ffj. /^li:•^aij£t'^5t.tt■&^;^^fc 0.03 1 0.28 iLifc^SSfi^feiil^'; 

^-f «^;!jo^'J 2 ;^Aa4B^^-?-^-^^tffl6^^5B-t6^l4*^^^tp^ 0.003 £ :».0 
% , -f^^i^id 0.05 £0.5 T^^^SS^t6^3-OH.&6^-^'S6<,«i^-j^. 
jdj . -j^'i -So i<j tti Bayer 6^ Baysilon®M 1000 . 20 "C T ^* ,^ ^ 

(dynamic viscosity)i(J UOOmPas . ^ T 

HO-[Si-0(CH3)i]„-OH 

n=8-60 . 'tis*! n=40 • 

(n =4.1#-##-;^6^^*>'J^) 

^/r ^^A' li.^^ )A ^^^^ 6^, i^/i^ , >fa|g * as ^fc i ^' 

.^gjT-^ii^l^^fii' S.fi7T>^i4A"P«^{mterfering effect). m^-t^M 
*^4,®v5L^Schm&Seilacher/^*Jit6^Struktol>olydis3999 . -J^^i^^^Jd'^?? 

m-^nM^ ^6^spir-drawtbi^, pp 4^ (pull-off godet)6^Ji4^^»^?^ 
3 ;t^.J6^3^<^;SUfm(fibril-like)6^^i^#?'l. vX^fe^i^iHt + 



^ti^Ji^M 3 ; -i^Jjotf^'^i^t^ 0.003 ^ 1.0 % . 'ftiiTf? 0 05 .£ O.}, 
"n t(D 1^ }K^-Aitf-ti';r^. it^'A^t «i fe^ ;R 6^ w -i^ )^^! 4i -i- (prinvc.vy 
particle sizes) 'J^f- 30nm . H^i'^ ^M^^K'itik^'^^, A f^;a*ii(-^ 

*^W^J^,4i^-f'h-T- lOOnm 6^ jt*fJl^^|l,^fc<i: . 

i^miit^-^'^/'fx^jh-h^^n'^M.fL^S, Degussa 
/?) ^-^*'Jit6^ Aerosil*200 . Aerosil®300 Aerosiri30 A . ^ - i^ o*?. . -ff'l-io 
Grace '^S\^>\^h(] Syloid®. -iH'«^jl^.'ft6^'^;^;^'ft.j;i(if-iij^^i&^4:fi;^^- 

>f7 3-4^m). ^^m^^M^f^^Jj^i^T^A-ko-^f)\i&M}i^^i$~^fJikfi' 'fHff< 

^lFi(7:8-#j^#. 'ft^'S-^$tW^tbi(j 1-15 % . Hi^}^ 5-15 *6t.^ 
|l,'ftiifl^#^f+(masterbatch). . #^H--^'^*'Jl"J »'^^^'J6^:^^*«'A#&=fA. 

PET t. ^J'I^p||di^/f-i36t'i^jSiifJi«:^£;5'>*(mel: 
conditioning method)^>^ii^^l^fiS^i^iiNJ^•^4(^i® ^^'i DE 40 39 857 C2)ff; 

i^A#)M>!±..tMside stream extruder). -^iti^^J^^^Mi^ioi^b . ^io0. 

^ 6 ^ fi| fiS :^ ^ •'^ ^ £^ ^ t >^ ;!;a ^'J . -f^'l li" p^o Ji'i (matt .ng 
agents)(-=^^^V.4k). ^tfi^ ^ ^^U^l^^ . " f Sfe^^ S^ 

10 



6 - SB -f- 7t /S. ^ 5 4 ¥ ^^"^ tb 10 °o6V* E) I'tT ^'-fi|-^^^h6^^;t, 

^(isophthalicacid)^ f ^ . -^#^(dibenzo acid) • ' 

(trimesic acid) - -(^ :«^^^(trimellitic acid)^^^J ^E9*fe(pyromeIlilic acid)*»«'Xfl 
^H-^^^ ^4(^(sodium-3, 5-dicarboxybenzenesulfonate) • 

•}^'\±^il}fr^^' a^bi ^^^-iL^^. 4^*3.6^^® 8^1'^ (residence time)f*3^^ 
^L^f/it^^^ M >S. A Jilfe '146^ ^aS t . ^ ^ * >S. 

£L^^^(4*-^S:»-Xrtl^^&^-?'6fj^i^/*ife(low-molecular splitting products);-. 

A* . 

. ^t*']:^*a^^^6^i5ii^-^-^i#^^(drawingmethod)i«7^'^^^^^^^- 
A g ^/r -ii- ^ ' -io Ullmann's Encyclopedia of Industiial 

Chemistry(Ullmaiin JL^^t^S^-^^), Vol. AlO, Fibers(it^ii.): 3. 

General Production Technology(3fiffli/'^^), % 550 - 561 I • 

6^ 5^ -ft. *t WASC 2.4 ^#6<jflfiSJij!>'J#6f>; 

a S:^ >^ WASC{l>^mj^*'^'«3:^'J^>*(^»'J ^ Struktol®, Baysilon'*) 

-f f:6^^f^iNl^ . a 2 J.'ft WASC {i^^/t^l A6^^^^)A(Struktol®)t 

S 3 m 1. * >(7 ^ ^ ^^1 1 ^/t *) :t *f ^ ^ 2 . 4 # 6^ ^ ^K) W A S C ^ i 



4 2 







EG** 




^^<tit^ pr.'i 


1 


2.40 


0.14 % 






2 


2.40 


0.14 % 


0.40 % Stniktot® 




3 


2.40 


0.14 % 




0.50 % SiOj 


4 


2.40 


0.14 % 


0.40 % Struktol® 


0.50 % SiOj 


5 


2.40 


0.14 % 


0.40 * Struktol® 


0.20 ^ SiOi 


6 


2.40 








7 


2.40 




0.40 % Struktol® 




8 


2.40 




0.90 % Struktol® 




9 


2.40 


O.IO % 






10 


2.40 


0.10 % 


0.40 % Struktol® 




11 


2.40 


0.10 % 


0.90 % Struktol® 




12 


2.40 


0.10 % 




0.20 % SiOz 


13 


2.40 


0.10 % 




0.50 % SiOz 


14 


2.40 


0.14 % 


0.40 % Struktol® 


0.50 % SiOz 


15 


2.40 


0.16 % 


0.40 % Struktol® 


0.50 % SiOj 


16 


2.40 


0.16 % 


0.40 % Struktol® 


0.20 % SiOz 


17 


2.40 


0.14 « 




0.20 % SiOj 


18 


1.67 


0.16 % 


0.40 % Struktol® 


0.20 % SxOi 


19 


2.40 




0.60 % Struktol® 




20 


2.40 




0.40 % Struktol® 





jgi.^«.^J^'^^^^i:- 0 Trevira® 350 6^,^f^p'?. 

. 4 3 lb Trevira® 350 6^;^f ^'^/^ . ^x>ft j<,^t/ll^a 1^1 ^>i-3!'116^« 
5 J^6S^fi^6*Jtfci&fe^ft- 



13 



4^3 

Trevira 350 6^3 ^=t{i(comparative value)(4R4^;^ 1 6^ Tf )k f ) 





Trevira®350 


Trevira®350 




2.36 


1.64 




2.69 


2.64 




50.84 


28.46 


WASC 


545 


655 



4.4 

1 £20<i^iN?Jl(4a^ife;l) 









1.471 


2 


1.458 


3 


1.456 


4 


1.446 


5 


1.445 


6 


1.650 


7 


1.641 




1.630 


9 


1.500 


10 


1.497 


11 


1.493 


12 


1.490 


13 


1.479 


14 


1.440 


15 


1.436 


16 


1.432 


17 


1.467 


IS 


1.427 


19 


1.638 


20 


1.631 



14 



4i. 5 











yVASG* 


1 : 


2.34 


3.38 - 


t8.37 


1382 


2 


2 31 


3.36 ' 


+8.66 < 


?32 


3 


2.43 


2.93 


53.45 < 


?97 


4 


2.30 


3.00 


49.25 


673 


5 


2.40 


3.07 


54.27 


715 


/: 
u 


2 42 


4.02 


48.79 


3008 


7 


2 41 


3.98 


54.50 


1451 


o 

o 


9 41 


4.00 


52.27 


1304 


Q 


2 44 


3 61 


52.86 


1649 




Z.^ 1 




53.01 


990 


1 1 

11 


o An 




51 33 


905 


12 


2.35 


3.36 


52.15 


1208 


13 


2.37 


3.21 


54.97 


1140 


14 


2.31 


2.90 


53.01 


622 


15 


2.47 


2.69 


55.33 


511 


16 


2,35 


2.92 


52.15 


618 


17 


2.43 


3.09 


54.72 


1045 


18 


1.69 


2.90 


47.97 


696 


19 


2.37 


3.90 


52.10 


2170 


20 


2.41 


3.95 


51.89 


2273 



♦WASC = ^.Sr^-^4a/+^i^^^(wire abrasion stroke cycles) 



it. J-ifJt;5«; 2.4^#^;£^«1.7 5^#6^^^. -k^ ^\ ^ ^^"^.^M 
16 -^^^^i 18). 

^Bi&t Trevira® 350 if 'Ml^ 2.4 14 5. 16 ^Li^J 
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